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RESUMO 
 
O setor de confeitos tem sido desafiado a aprimorar seus produtos de forma a 
oferecer alternativas mais saudáveis aos consumidores, os quais estão cada vez 
mais preocupados com os efeitos da ingestão excessiva de açúcares, calorias e 
aditivos alimentares sobre a saúde. O trabalho teve como objetivo avaliar a 
utilização de polióis como substitutos da sacarose e do xarope de glicose no 
desenvolvimento de balas mastigáveis, assim como a incorporação de açaí (Euterpe 
oleracea Mart.) e seu impacto nas características físico-químicas, sensoriais e 
tecnológicas do produto final. Primeiramente, foi avaliado o efeito dos polióis maltitol, 
isomalte, xilitol e eritritol sobre a atividade de água e textura instrumental de um 
sistema modelo dietético utilizando-se delineamento experimental de mistura. Na 
proporção isomalte:eritritol 1:1, representando os sólidos cristalizáveis da 
formulação, as balas apresentaram aw adequada (0,43), textura macia (4,08 N) e 
formato estável, sendo utilizada como referência para a incorporação de açaí 
desidratado por spray dryer. A bala de açaí sem adição de sacarose apresentou 
melhor aceitação sensorial em relação à bala na versão tradicional contendo 
açúcares. O uso do açaí possibilitou a eliminação da gordura vegetal e conferiu cor e 
sabor característicos às balas. Na etapa seguinte, foram avaliados os efeitos do 
processamento e armazenamento sobre as propriedades físico-químicas e 
estabilidade de compostos antioxidantes de balas contendo polpas de açaí 
congelada, desidratada por spray dryer e liofilizada. As balas contendo açaí 
liofilizado apresentaram maiores maciez (90,50–101,45 N) e retenção de fenólicos 
(~154%) e antocianinas (~78%) totais após a sua produção. Após o 
armazenamento, os parâmetros de cor e a capacidade antioxidante pelos métodos 
de ABTS e ORAC mantiveram-se estáveis na maioria das amostras estudadas, 
enquanto que a aw, dureza e DPPH
• aumentaram e os teores de fenólicos e 
antocianinas totais diminuíram. Posteriormente, foram avaliados os efeitos da 
proporção isomalte:eritritol (30:70–70:30, bs) e da concentração de xarope de 
maltitol (30–50%, bs) sobre a dureza, adesividade, doçura, refrescância e aw de 
balas contendo açaí desidratado por spray dryer e liofilizado, utilizando-se 
delineamento composto central rotacional. Proporções de isomalte:eritritol com maior 
teor de eritritol em relação ao isomalte afetaram significativamente as respostas      
  
(p < 0,05), reduzindo a dureza e adesividade e aumentando a doçura, refrescância e 
aw das amostras, além de propiciarem melhor manutenção do formato. O xarope de 
maltitol mostrou uma tendência em aumentar a adesividade e em diminuir a doçura, 
refrescância e aw, porém, estatisticamente, não apresentou efeito sobre a dureza 
das amostras. A proporção de isomalte, eritritol e xarope de maltitol equivalente a 
30:30:40 (bs) foi satisfatória quanto à obtenção de balas mastigáveis com dureza 
intermediária (5,5–7,2 numa escala de 0–9 e 142,47–254,49 N), baixas adesividade 
e refrescância (1,8–2,3 e 2,1–3,3 numa escala de 0–9, respectivamente), doçura 
adequada (5,8–6,4 numa escala de 0–9) e boa aceitação sensorial. Portanto, os 
polióis e o açaí mostraram-se ingredientes promissores para aplicação em confeitos, 
possibilitando o desenvolvimento de balas com características sensoriais 
satisfatórias, coloração estável, boa retenção de compostos antioxidantes e redução 
calórica. 
 
Palavras-chaves: açaí, polióis, avaliação sensorial, compostos fenólicos, 
antocianinas. 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
  
ABSTRACT 
 
The confectionery industry has been challenged to improve its products in order to 
offer healthier alternatives to consumers who are increasingly concerned with the 
effects of excessive intake of sugar, calories and food additives on health. The study 
aimed to evaluate the use of polyols as sucrose and glucose syrup substitutes in the 
development of chewy candies, as well as the incorporation of açai (Euterpe 
oleracea Mart.) and its impact on physicochemical, sensory and technological 
characteristics of the final product. Firstly, the effect of the polyols maltitol, isomalt, 
xylitol and erythritol on the water activity and instrumental texture of a dietary model 
system was evaluated using a mixture design. In the isomalt:erythritol ratio of 1:1, 
representing the crystallizable solids of the formulation, the chewy candies presented 
proper aw (0.43), soft texture (4.08 N) and stable format, being used as a reference 
for the incorporation of spray-dried açai. The no-added sucrose açai chewy candy 
presented better sensory acceptance than the traditional chewy candy which 
contained sugars. The use of açai enabled the elimination of vegetable fat and 
conferred characteristic color and flavor to the chewy candies. In the next stage, the 
effects of processing and storage on the physicochemical properties and stability of 
antioxidant compounds of chewy candies containing frozen, spray-dried and freeze-
dried açai pulps were evaluated. The freeze-dried açai chewy candies presented the 
highest softness (90.50–101.45 N) and retention of total phenolics (~154%) and 
anthocyanins (~78%) after their production. After storage, color parameters and 
antioxidant capacity through ABTS and ORAC methods remained stable in most 
studied samples, whereas aw, hardness and DPPH
• increased, and total phenolics 
and anthocyanins decreased. Posteriorly, the effects of isomalt:erythritol ratio 
(30:70–70:30, db) and maltitol syrup concentration (30–50%, db) on the hardness, 
adhesiveness, sweetness, cooling and aw of chewy candies containing spray-dried 
and freeze-dried açai were evaluated using a central composite rotatable design. 
Isomalt:erythritol ratios with higher content of erythritol than isomalt affected the 
responses significantly (p < 0.05), decreasing hardness and adhesiveness, and 
increasing sweetness, cooling and aw of the samples, in addition to providing better 
maintenance of the format. Maltitol syrup showed a tendency to increase 
adhesiveness and decrease sweetness, cooling and aw, however, statistically, it had 
  
no effect on the hardness of the samples. The proportion of isomalt, erythritol and 
maltitol syrup equivalent to 30:30:40 (db) was satisfactory in obtaining chewy candies 
with middle hardness (5.5–7.2 on a 0–9 scale and 142.47–254.49 N), low 
adhesiveness and cooling (1.8–2.3 and 2.1–3.3 on a 0–9 scale, respectively), proper 
sweetness (5.8–6.4 on a 0–9 scale), and great sensory acceptance. Therefore, the 
polyols and the açai showed to be promising ingredients for application in 
confectioneries, allowing the development of chewy candies with satisfactory sensory 
characteristics, stable color, great retention of antioxidant compounds, and calorie 
reduction. 
 
Keywords: açai, polyols, sensory evaluation, phenolics compounds, anthocyanins. 
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INTRODUÇÃO GERAL 
 
As indústrias de alimentos têm sido direcionadas a aprimorar seus 
produtos de forma a torná-los nutricionalmente balanceados, saudáveis, naturais e 
livres de aditivos (Queiroz & Nabeshima, 2014). Os principais fatores que têm 
desafiado especialmente o setor de confeitos estão relacionados à crescente 
preocupação dos consumidores com a ingestão de açúcar e o seu impacto na saúde 
devido ao desenvolvimento de cáries dentárias (Fadini et al., 2016) e ao aumento 
das taxas de diabetes e obesidade (Euromonitor, 2016a; Euromonitor, 2016b; 
Euromonitor, 2016c; Euromonitor, 2015), assim como com a ingestão de corantes 
artificiais e a sua relação com diversas reações alérgicas e ao transtorno do déficit 
de atenção e hiperatividade (TDAH) em crianças (Munawar & Jamil, 2014). A busca 
por alternativas saudáveis e viáveis tecnológica e economicamente a estes 
ingredientes tem impulsionado o setor de confeitos a agregar valor aos seus 
produtos, que em suas versões tradicionais são normalmente calóricos, ricos em 
açúcares e/ou gorduras e geralmente são aromatizados e coloridos artificialmente. 
Os edulcorantes de baixa intensidade, também conhecidos como polióis, 
açúcares álcoois ou álcoois polihídricos, têm sido utilizados com sucesso na 
elaboração de confeitos sem adição ou isentos de açúcares (diet), trazendo 
benefícios tecnológicos, uma vez que atuam como agentes de corpo, edulcorantes e 
influenciam na textura dos produtos (Sadler & Stowell, 2012). Outras vantagens 
também oferecidas pelos polióis são saúde bucal (efeito anticariogênico, ou ainda, 
no caso do xilitol e do eritritol, efeito cariostático), redução calórica e menor resposta 
glicêmica em relação à sacarose (Bhise & Kaur, 2014; Zacharis, 2012; De Cock, 
2012). Dentre os polióis, destaca-se o eritritol pelo seu baixo valor energético (0,2 
kcal/g) (Brasil, 2010a) e maior tolerância gastrointestinal quanto ao efeito laxativo e 
desconforto digestivo associados ao seu consumo (De Cock, 2012a; Lin et al., 2010; 
Tetzloff et al., 1996; Ishikawa et al., 1996). O entendimento sobre as propriedades 
de cristalização, solubilidade, higroscopicidade e calor de dissolução dos polióis e 
seu impacto sobre as características sensoriais, físicas e físico-químicas do produto 
a ser desenvolvido é importante para a garantia de qualidade e estabilidade do 
mesmo, assim como para atender as expectativas dos consumidores em encontrar 
produtos similares à versão tradicional contendo açúcar (Zacharis, 2012). 
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Dependendo do tipo de alimento, uma combinação de dois ou mais polióis pode ser 
necessária para alcançar total ou parcialmente as propriedades fornecidas pelos 
açúcares (Flambeau et al., 2012), e uma melhor compreensão sobre os efeitos de 
interação entre os mesmos pode auxiliar a indústria no desenvolvimento de seus 
produtos. 
A incorporação de frutas em confeitos tem se mostrado promissora como 
uma alternativa natural de conferir cor (Cappa et al., 2015; Hani et al., 2015) e 
melhorar o perfil nutricional do produto formulado por veicular naturalmente 
nutrientes e compostos bioativos com propriedades benéficas à saúde. Frutas não 
convencionais têm grande potencial de serem introduzidas na categoria de confeitos 
(Ghoghai, 2016) e, especialmente o açaí, pelo seu grande valor nutricional e 
sensorial, é um ingrediente funcional promissor para utilização em alimentos 
processados (Paz et al., 2015; Yamaguchi et al., 2015). 
O açaí (Euterpe oleracea Mart.) é um fruto tropical nativo da região norte 
do Brasil que apresenta grande importância socioeconômica na região (Carvalho et 
al., 2016; Portinho et al., 2012). O Brasil é o maior produtor mundial de açaí e se 
posiciona como o maior consumidor e exportador desta fruta (Carvalho et al., 2016; 
Menezes et al., 2008). O alto teor de antocianinas e de outros compostos fenólicos 
no açaí está associado a muitas atividades biológicas, principalmente antioxidantes 
(Yamaguchi et al., 2015). O açaí também apresenta alto valor energético pelo seu 
elevado conteúdo lipídico (48,24%, bs) (Tonon et al., 2009a), destacando-se a 
presença dos ácidos graxos essenciais ômegas 6 e 9. Além disso, o açaí é rico em 
fibras e contém proteínas, vitamina (E) e minerais (Mn, Fe, Zn, Cu, Cr) (Portinho et 
al., 2012). 
A utilização de açaí em confeitos pode agregar diversas vantagens ao 
produto final como, por exemplo, coloração (por ser fonte de pigmento natural), 
sabor característico, além de contribuição aromática, havendo a possibilidade de 
eliminação total ou parcial de agentes de cor e sabor (aditivos). Devido à elevada 
concentração de compostos fenólicos presentes no açaí, também há a possibilidade 
de propiciar um perfil nutricional diferenciado ao produto final. No entanto, o 
processamento e o armazenamento dos alimentos podem degradar as substâncias 
bioativas e antioxidantes de interesse, diminuindo as suas quantidades e/ou 
biodisponibilidade (Tonon, 2009). Atualmente, são limitadas as informações 
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científicas sobre a inclusão de açaí em alimentos processados submetidos à alta 
temperatura, e do impacto das condições de processamento e armazenamento de 
produtos incorporados de açaí sobre suas propriedades físico-químicas, 
especialmente quanto à estabilidade da cor, e ainda, sobre a retenção de compostos 
bioativos e capacidade antioxidante. 
Neste contexto, o aprofundamento de estudos sobre a funcionalidade 
tecnológica dos polióis como substitutos da sacarose e do xarope de glicose em 
confeitos, assim como do açaí como um agente de cor e sabor e que pode melhorar 
o balanço nutricional do produto final, motivou o estudo de um sistema modelo 
dietético (balas mastigáveis) com incorporação de fruta. As balas mastigáveis foram 
escolhidas como referência por serem um dos produtos mais populares 
mundialmente dentro da categoria de confeitos (Euromonitor, 2016a; Euromonitor, 
2016b) e pela sua importância econômica para o país, já que o Brasil é o terceiro 
maior produtor mundial de balas (Montenegro & Luccas, 2014). 
A investigação da aceitação sensorial do produto formulado por 
consumidores é essencial para determinar se a reformulação proposta nas balas foi 
bem sucedida. A textura e o sabor contribuem de forma significativa para a 
qualidade global do alimento, sendo que um pode mudar a percepção do outro 
(Jeltema et al., 2016; Cardarelli et al., 2008). A textura das balas mastigáveis pode 
variar desde uma massa muito macia, cristalizada, com textura “curta”/de corte, e 
com rápida dissolução na boca durante a degustação, até uma massa mais firme 
nas primeiras mordidas, bastante elástica e adesiva, com mastigação prolongada e 
lenta dissolução durante o consumo. A textura muda com o decorrer da mastigação, 
tendendo a se tornar mais macia com o tempo (Jeltema et al., 2016), sendo 
normalmente afetada por fatores relacionados às propriedades de cristalização dos 
componentes cristalizáveis e da sua relação com os sólidos não cristalizáveis 
(Sentko & Willibald-Ettle, 2012), além do conteúdo de umidade residual (Figiel & 
Tajner-Czopek, 2006) e da presença de agentes de textura ou gordura na 
composição (Fadini et al., 2003). Em relação ao sabor, o gosto doce é um dos mais 
demandados pelos consumidores e uma das principais propriedades de qualquer 
substituto de açúcar (Flambeau et al., 2012). Considerando que os polióis possuem 
calor de dissolução negativo, em diferentes níveis, o produto final poderá apresentar 
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uma sensação de refrescância durante o seu consumo, que poderá ser desejável ou 
não, dependendo das características do mesmo. 
Mediante o exposto, este trabalho apresenta estudos sobre a utilização de 
polióis e de polpas de açaí no desenvolvimento de balas mastigáveis e o impacto 
destes ingredientes nas características físico-químicas, sensoriais e tecnológicas do 
produto final. O trabalho está apresentado em 5 capítulos, conforme descrito a 
seguir. 
 
Capítulo 1: Revisão bibliográfica. Este capítulo apresenta a revisão bibliográfica 
referente aos tópicos estudados. 
 
Capítulo 2: Chewy candy as a model system to study the influence of polyols 
and fruit pulp (açai) on texture and sensorial properties. Este capítulo apresenta 
um estudo sobre a viabilidade tecnológica de aplicação dos polióis maltitol, isomalte, 
xilitol, eritritol e xarope de maltitol em balas mastigáveis. Foi avaliado o efeito da 
interação (mistura) dos polióis sobre a atividade de água e textura instrumental das 
amostras. Além disso, a aceitação sensorial de balas adicionadas de polpa de açaí 
desidratada por spray dryer também foi avaliada.  
 
Capítulo 3: Effect of differently processed açai (Euterpe oleracea Mart.) on the 
retention of phenolics and anthocyanins in chewy candies. Este capítulo 
apresenta um estudo sobre os efeitos do processamento e estocagem de balas 
mastigáveis adicionadas de diferentes tipos de polpas de açaí (congelada e 
desidratadas pelas técnicas de spray-drying e liofilização) sobre os compostos 
fenólicos e antocianinas totais, a capacidade antioxidante (métodos de DPPH•, 
ABTS e ORAC) e a estabilidade da cor.  
 
Capítulo 4: Influence of polyols as sugar replacers on textural properties of 
açai chewy candy confections. Este capítulo apresenta um estudo sobre a 
influência de diferentes concentrações de polióis cristalizáveis (isomalte/eritritol) e 
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não cristalizáveis (xarope de maltitol) nas propriedades de textura (dureza e 
adesividade) e atividade de água de balas de açaí. 
 
Capítulo 5: Sensory quality of sugar-free chewy candies as affected by added 
polyols and açai powders. Este capítulo apresenta um estudo sobre a influência do 
uso de diferentes concentrações de polióis (isomalte, eritritol e xarope de maltitol) e 
tipos de polpas de açaí (desidratada por spray dryer e liofilizada) nas propriedades 
sensoriais de balas de açaí, tais como doçura e refrescância. A aceitação sensorial 
das balas de açaí por consumidores também foi investigada. 
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CAPÍTULO 1. Revisão Bibliográfica 
 
1. Balas: aspectos gerais 
 
As balas podem ser definidas como produtos constituídos por açúcar e/ou 
outros ingredientes, podendo apresentar recheio, cobertura, formato e consistência 
variados (Brasil, 2005). Podem ser classificadas em balas duras, moles (mastigáveis 
ou cristalizadas), de goma (amido, pectina, gelatina, entre outros) ou caramelos de 
leite. Todas são obtidas a partir do cozimento de açúcares (sacarose, xarope de 
glicose, entre outros) ou substitutos, podendo ser adicionadas de outros ingredientes 
(ex. amido, gordura, leite) e aditivos alimentares (ex. corantes, aromatizantes, 
acidulantes, emulsificantes, agentes gelificantes) conforme a categoria de bala. A 
Resolução Nº 387, de 5 de agosto de 1999, estabelece as funções e limites 
máximos de uso dos aditivos em balas (Brasil, 1999). 
O Brasil ocupa terceira posição no ranking dos maiores mercados de 
confectionery do mundo (faturamento de US$ 12,5 bilhões em 2011), sendo o 
terceiro maior produtor mundial de balas, confeitos e gomas de mascar (510 mil 
toneladas em 2011), depois dos Estados Unidos e da Alemanha (Montenegro & 
Luccas, 2014). Dentre os produtos pertencentes à categoria de confeitos, as balas 
mastigáveis são as mais populares devido à preferência dos consumidores por 
produtos com textura macia e mastigável em comparação às variedades com maior 
dureza (Euromonitor, 2016a; Euromonitor, 2016b). Os sabores frutais têm dominado 
o mercado global de confeitos (Ghoghai, 2016), com destaque para as frutas 
vermelhas ou silvestres (Mintel, 2016). 
O setor de balas e confeitos, de forma geral, tem sido impulsionado a 
inovar e agregar valor aos seus produtos, tornando-os mais saudáveis através da 
incorporação de ingredientes naturais (ex. frutas, fibras), substituição/eliminação de 
açúcares e aditivos artificiais (ex. corantes), redução calórica, entre outras 
alternativas, de forma a adequá-los às tendências mundiais de consumo. 
Considerando que os confeitos são geralmente produtos indulgentes, espera-se que 
a sua reformulação proporcione similares qualidade sensorial e satisfação 
encontradas no produto regular. 
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A incorporação de frutas em confeitos pode melhorar a qualidade 
sensorial (sabor, cor e aroma) e o perfil nutricional (fibras, vitaminas, minerais, 
compostos bioativos) do produto final (Mongia, 2014). As frutas são boas fontes de 
pigmentos naturais (ex. antocianinas, carotenoides) e, portanto, são ingredientes 
promissores capazes de conferir cor aos confeitos, como é o caso da pitaya 
vermelha (Hani et al., 2015), uva (Cappa et al., 2015), açaí (Silva et al., 2016; Paz et 
al., 2015), morango (Fisher et al., 2014), entre outros. De acordo com Queiroz & 
Nabeshima (2014), há uma forte preferência dos consumidores por fontes naturais 
para conferir cor aos alimentos processados e Topper (2014) ressalta a propensão 
dos consumidores a procurar por confeitos que contenham frutas (40%) e 
ingredientes naturais (23%). 
Apesar dos corantes artificiais serem responsáveis por uma variedade de 
reações alérgicas e por transtornos do déficit de atenção e hiperatividade (TDAH) 
em crianças (Munawar & Jamil, 2014), no Brasil, a maioria dos confeitos 
comercializados é colorida artificialmente. 
 
1.1. Balas duras 
 
As balas duras estão num estado vítreo ou amorfo à temperatura 
ambiente e são caracterizadas por apresentarem uma textura dura e quebradiça 
(Hartel et al., 2011) e uma aparência brilhante, transparente ou translúcida. Os 
ingredientes predominantes nesse tipo de bala são a sacarose (açúcar) e o xarope 
de glicose, sendo comumente utilizados em proporções que podem variar de 70:30 
até 45:55 (sacarose/xarope de glicose, w/w, bs) (Cummings, 1995). 
As balas duras apresentam um teor de umidade muito baixo (2–3%) 
(Hartel et al., 2011), e consequentemente, elevado teor de sólidos solúveis (97–
98%) (Luccas, 1999). 
A atividade de água (aw) das balas duras pode variar entre 0,25 e 0,40, 
inferior aos valores críticos para crescimento de microrganismos (Ergun et al., 2010). 
Em função da baixa aw e dos ingredientes que a compõe, as balas duras são 
susceptíveis a absorção de umidade do ambiente, já que apresentam umidade 
relativa de equilíbrio de 25–40%, faixa geralmente inferior à umidade relativa do 
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ambiente. O ganho ou perda de umidade durante a estocagem e vida útil do produto 
influencia diretamente nas suas propriedades de textura (Ergun et al., 2010).  
A cristalização da bala dura é indesejável por comprometer a cor, a 
textura e a estabilidade do produto, embora termodinamicamente, haja uma força 
motriz (supersaturação do sistema) para que a cristalização ocorra (Hartel, 2001). O 
xarope de glicose é um agente anti-cristalizante que, em quantidade suficiente nas 
balas, é capaz de prevenir as fases de nucleação e crescimento dos cristais, que 
são os mecanismos envolvidos no processo de cristalização dos alimentos em geral 
(Hartel et al., 2011). Devido à estrutura e à alta massa molecular dos 
polissacarídeos presentes no xarope de glicose, ocorre um aumento da viscosidade 
do meio e, consequentemente, uma redução da mobilidade molecular, evitando-se, 
dessa forma, que os mono e dissacarídeos se agrupem e formem os núcleos de 
cristalização. Em um estágio mais avançado, a recristalização da sacarose leva ao 
aparecimento de uma camada opaca na superfície das balas (Cummings, 1995). 
No estado vítreo, misturas de sacarose e xarope de glicose são bastante 
estáveis (resistentes à cristalização) devido à baixa mobilidade molecular (Hartel, 
2001). Portanto, ainda que as balas duras possam potencialmente conter de 0 a 2% 
de cristais dentro da matriz vítrea (Ergun et al., 2010), podendo chegar até 3% de 
cristais (Hartel et al., 2011), eles não crescem. No entanto, uma vez que a 
temperatura de transição vítrea (Tg) é excedida, qualquer cristal presente no material 
amorfo poderá crescer (Hartel, 2001).  
De forma geral, componentes com alta massa molecular apresentam 
maior Tg e podem aumentar a massa molecular média da calda de açúcares (em 
comparação à sacarose pura), aumentando também a Tg do sistema. A adição de 
maiores concentrações de xarope de glicose nas balas duras aumentará a Tg da 
mistura final dependendo do seu peso molecular médio. Quando a Tg da bala estiver 
abaixo da condição ambiental (ou se a temperatura ambiente exceder a Tg do 
produto), a bala irá melar e se tornar pegajosa, e então, as moléculas de açúcar 
ganharão mobilidade suficiente para iniciar rapidamente o processo de cristalização 
a partir da superfície externa da bala em direção ao seu interior (Hartel, 2001). De 
acordo com Romão et al. (2006), a Tg de balas duras com 2 a 3% de umidade 
residual é relativamente alta (40–50°C), indicando que é baixa a probabilidade de 
cristalização à temperatura ambiente. 
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O processo de fabricação de balas duras consiste basicamente na 
dissolução dos açúcares, cozimento, temperagem (adição de aromas, ácidos e 
corantes), moldagem, resfriamento e embalagem. A etapa de formatação 
(moldagem) das balas pode ser realizada de duas formas distintas, depósito da 
massa em moldes (balas depositadas ou pingadas) ou estampagem (balas 
estampadas). O tempo de cozimento deve ser o menor possível visando minimizar a 
taxa de inversão da sacarose e retardar problemas posteriores de mela e 
cristalização das balas (Luccas, 1999). 
 
1.2. Balas moles 
 
As balas moles diferenciam-se das balas duras quanto à composição 
(presença de gordura), processo (tratamento mecânico da massa após o cozimento) 
(Fadini et al., 2003), características sensoriais (maciez e mastigabilidade) e físico-
químicas (maiores umidade e aw) (Luccas, 1999). O percentual de umidade residual 
nas balas moles pode variar entre 6 e 10% (Ergun et al., 2010; Fadini et al., 2003) e 
a aw entre 0,45 e 0,60 (Ergun et al., 2010). 
As balas moles podem ser classificadas em mastigáveis ou cristalizadas 
dependendo dos ingredientes utilizados e do grau de cristalização da massa. No 
caso das balas moles mastigáveis, podem ser utilizados na sua elaboração 
ingredientes como gelatina, goma acácia ou outros agentes de textura com 
capacidade de prolongar a mastigação visando conferir às mesmas uma 
característica de mastigabilidade com lenta dissolução na boca durante o consumo 
(Fadini et al., 2003). Estas balas normalmente apresentam menor grau de 
cristalização da massa e uma textura mais elástica (“puxa”), adesiva e firme nas 
primeiras mordidas. Já as balas moles cristalizadas, podem ser adicionadas de 
certos ingredientes (ex. açúcar impalpável, fondant, retalhos de balas) na etapa de 
estiramento que acelerem a cristalização da fase líquida supersaturada, criando 
assim uma fase dispersa com microcristais de sacarose (Fadini et al., 2003). Essa 
cristalização altera significativamente as propriedades de textura da bala, tornando-
as mais macias, menos adesivas ou pegajosas, mais estruturadas (com menor 
tendência a deformar), com uma textura “curta” / de corte e com rápida dissolução 
na boca. 
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As balas moles mastigáveis podem apresentar de 0 a 10% de 
cristalização (Ergun et al., 2010), enquanto que a fração mássica dos cristais nas 
balas cristalizadas pode chegar até 30%. O teor de sólidos cristalizáveis (sacarose) 
nas balas com uma fase cristalina mais acentuada é normalmente superior ao teor 
de sólidos não cristalizáveis (xarope de glicose), em base seca. De acordo com 
Hartel (2001), as balas moles se assemelham ao fondant por apresentarem grande 
quantidade de cristais pequenos numa solução altamente concentrada de açúcar, no 
entanto, as balas apresentam maior teor de sólidos totais em comparação ao 
fondant. 
As etapas do processo de fabricação de balas moles são: dissolução dos 
ingredientes, cozimento, temperagem/resfriamento, estiramento, moldagem e 
embalagem (Fadini et al., 2003). 
Muitos parâmetros podem influenciar na taxa de crescimento dos cristais 
em sistemas alimentícios contendo mais de um componente, incluindo tanto as 
condições de processo (ex. temperatura, agitação, taxas de transferência de calor e 
de massa,) como a formulação (presença de outros ingredientes/componentes ou 
impurezas). A agitação da massa na etapa de estiramento induz à cristalização da 
bala, aumentando a taxa de crescimento dos cristais até um limite (equilíbrio 
termodinâmico) em que o aumento da agitação apresentará pouco ou nenhum efeito 
sobre o crescimento (Hartel et al., 2011; Hartel, 2001). 
 
2. Substituição de açúcares em confeitos 
 
A indústria de confeitos utiliza três açúcares básicos: a sacarose, o 
xarope de glicose e o açúcar invertido (Lees, 1995). Outros carboidratos também 
podem ser empregados, tais como frutose, mel, lactose, entre outros (Zumbé et al., 
2001). Os açúcares representam uma grande porcentagem da formulação dos 
produtos pertencentes ao setor de confectionery, sendo utilizados como agentes de 
corpo e com as finalidades de conferir sabor doce, modificar a textura, proporcionar 
brilho, diminuir a atividade de água, aumentar a estabilidade dos produtos, promover 
a Reação de Maillard, entre outras (Fadini & Cruz, 2014; Sadler & Stowell, 2012). 
A ingestão excessiva de açúcares está diretamente relacionada ao 
sobrepeso e ao desenvolvimento de cáries dentárias. O ganho de peso, por sua vez, 
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é um dos principais fatores de risco que pode levar ao desenvolvimento de Doenças 
Crônicas não Transmissíveis (DCNT), como o diabetes do tipo 2 e doenças 
cardiovasculares (Fadini et al., 2016). A Organização Mundial da Saúde (OMS) e o 
Ministério da Saúde (MS) recomendam que a ingestão de açúcares livres ou simples 
(açúcar de adição somado ao açúcar proveniente de sucos de fruta naturais) seja 
inferior a 10% do valor energético total da dieta (VET), não devendo ultrapassar 50 g 
de açúcares simples por dia para uma dieta de 2000 kcal. Para maiores benefícios à 
saúde bucal, a OMS recomenda que este consumo seja reduzido para 5% do VET 
(Fadini & Cruz, 2014). De acordo com a Análise do Consumo Alimentar Pessoal - 
POF 2008-2009, os brasileiros consumiram açúcares simples 61% acima do limite 
recomendado pelo MS (IBGE, 2010). 
Este cenário tem impulsionado a adequação da composição dos produtos 
industrializados através da redução ou substituição de açúcares. Em confeitos, os 
polióis (edulcorantes de baixa intensidade / nutritivos) têm sido utilizados como 
agentes de corpo e de textura, podendo substituir os açúcares da formulação na 
mesma proporção (peso por peso) em muitas aplicações (Sadler & Stowell, 2012). 
Apesar de conferirem gosto doce aos produtos, podem muitas vezes não resultar 
num dulçor equivalente ao da sacarose, havendo a necessidade de associar o seu 
uso aos edulcorantes de alta intensidade ou não nutritivos. Estes edulcorantes 
possuem um dulçor acentuado e são utilizados em baixa concentração na 
formulação (Fadini & Cruz, 2014; Zumbé et al., 2001). 
A escolha do edulcorante para a substituição dos açúcares normalmente 
envolve uma avaliação prévia das etapas de processamento do produto em questão, 
da necessidade de investimentos ou mudanças na linha de fabricação ou no 
procedimento operacional tradicionalmente utilizado devido ao seu uso, e das 
características sensoriais do produto reformulado, que devem permanecer as mais 
próximas possíveis do produto na versão regular com sacarose, de forma a resultar 
numa boa aceitação pelos consumidores. Além disso, as propriedades físico-
químicas e a termorresistência do substituto também devem ser levadas em 
consideração. De acordo com Fadini & Cruz (2014), características como 
higroscopicidade e propriedades de cristalização são fatores relevantes para a área 
de confeitos. 
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No Brasil, 52% dos consumidores estão mais propensos a comprar 
confeitos no/low/reduced açúcar caso houvesse uma maior oferta destes produtos 
no país (Hodkinson, 2014), demonstrando oportunidades para o setor. Nos Estados 
Unidos, a procura por estes produtos pelos consumidores é de 26% (Topper, 2014). 
 
2.1. Edulcorantes de baixa intensidade ou nutritivos 
 
Os polióis são edulcorantes de baixa intensidade que fornecem energia 
ao organismo com menor valor calórico (em média 2,4 kcal/g) comparado à 
sacarose (4,0 kcal/g) (Brasil, 2003). Entre os polióis, apenas o eritritol apresenta 
valor energético fixado em 0,2 kcal/g (Brasil, 2010a). Pelo fato de terem uma 
absorção lenta ou incompleta pelo organismo, os polióis podem ser consumidos por 
pessoas diabéticas, sendo seu índice glicêmico classificado como muito baixo (ex. 
eritritol e manitol ~ 0; lactitol 6; sorbitol e isomalte 9; xilitol 12) ou baixo (ex. maltitol 
45), enquanto que a glicose e a sacarose apresentam um índice glicêmico alto (100) 
e intermediário (64), respectivamente (Livesey, 2012). 
A maioria dos polióis apresenta decorrências gastrointestinais adversas 
(ex. efeito laxativo, flatulência) devido a sua baixa digestibilidade, má absorção pelo 
organismo, e consequente fermentação no intestino grosso, com exceção feita ao 
eritritol. Devido ao seu baixo peso molecular, o eritritol é rapidamente absorvido no 
intestino delgado e excretado inalterado na urina, não sendo fermentado nem 
metabolizado pelo organismo (Lin et al., 2010). Estudos clínicos mostraram que o 
eritritol pode ser consumido em quantidades relativamente elevadas, sem efeitos 
secundários indesejáveis a níveis de consumo de duas a quatro vezes superiores 
aos outros polióis, sendo, portanto, o poliol melhor tolerado (De Cock, 2012). Os 
alimentos cuja previsão razoável de consumo resulte na ingestão diária superior a 
20 g de manitol, 50 g de sorbitol ou 90 g de polidextrose ou outros polióis que 
possam ter efeito laxativo devem apresentar em seu rótulo a seguinte informação 
em destaque “Este produto pode ter efeito laxativo” (Brasil, 1998).  
Os polióis não provocam cárie dentária por não serem ou serem 
fracamente utilizados como substrato pelas bactérias orais causadoras de cárie (ex. 
Streptococcus mutans) (Maguire, 2012; De Cock, 2012), fator considerado 
importante para as indústrias de balas, chicles e confeitos em geral. Além disso, o 
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xilitol e o eritritol também têm a capacidade de reduzir a placa dentária e prevenir o 
risco de desenvolvimento de cáries (efeito cariostático) (De Cock, 2012). 
Os polióis são compostos que não participam da reação de Maillard 
(Fadini & Cruz, 2014) por não apresentarem grupos redutores.  
No estado cristalino, podem conferir um efeito refrescante ao se 
dissolverem durante a degustação. O calor de dissolução do poliol indica o seu 
poder de refrescância e o quanto de energia é necessária para dissolver 1 g de 
cristais de uma determinada substância (ex. a dissolução de 1 g de eritritol requer 43 
calorias). O eritritol e o xilitol são os polióis com efeito refrescante mais intenso por 
apresentarem elevado calor de dissolução negativo. No entanto, a duração desse 
efeito depende da velocidade de dissolução dos cristais, sendo maior para o eritritol 
devido a sua média solubilidade, e menos duradoura no caso do xilitol pelo fato 
deste se dissolver mais rapidamente. O efeito refrescante pode ser minimizado ou 
mascarado quando indesejado no produto final através do uso de ingredientes que 
tenham um calor de dissolução positivo (De Cock, 2012). 
Os polióis com maior solubilidade (ex. xilitol, maltitol e lactitol) cristalizam 
de forma similar à sacarose, enquanto que os polióis menos solúveis (ex. manitol, 
isomalte, eritritol) cristalizam mais rapidamente (Flambeau et al, 2012), influenciando 
a textura do produto final. Além disso, os polióis que apresentam baixa solubilidade 
necessitam do emprego de maiores temperaturas de cozimento (Fadini & Cruz, 
2014) para garantir a sua dissolução. 
Comercialmente, os polióis são obtidos pela conversão do grupo 
carbonílico (aldeído e cetona) dos açúcares em álcool através do processo de 
hidrogenação catalítica. Por este motivo, os polióis também são denominados de 
álcoois polihídricos ou açúcares alcoóis (Fadini & Cruz, 2014). Como exemplo, os 
seguintes polióis são obtidos através da hidrogenação dos seguintes compostos 
sacarídeos: xilitol → xilose (obtida pela hidrogenação da xilana); sorbitol em pó → 
glicose; manitol → frutose; maltitol em pó → maltose; lactitol → lactose; isomalte → 
isomaltulose (obtida pela conversão enzimática da ligação dissacarídica da 
sacarose). No caso do eritritol, o processo de obtenção é através de uma 
fermentação natural de substrato (glicose da sacarose ou do amido) por leveduras 
osmofílicas (De Cock, 2012). 
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Os polióis podem ser classificados em monossacarídeos, dissacarídeos e 
xaropes de amido hidrolisado hidrogenados. Os monossacarídeos hidrogenados (ex. 
sorbitol, manitol, xilitol, eritritol) apresentam menor peso molecular em relação aos 
dissacarídeos, são produtos intermediários do metabolismo de carboidratos e estão 
naturalmente presentes em muitas plantas e animais, porém em baixos teores, o 
que torna a sua extração economicamente inviável. Os dissacarídeos hidrogenados 
(ex. maltitol, isomalte, lactitol) apresentam maior viscosidade em solução devido ao 
maior peso molecular e possuem propriedades físico-químicas mais próximas às da 
sacarose. Os xaropes de amido hidrolisado hidrogenado (ex. xaropes de maltitol ou 
sorbitol) são comumente utilizados pela indústria de balas e confeitos com a função 
anticristalizante e são constituídos por uma mistura de polióis (maltose ou sorbitol 
associados ao maltotriol, oligo e polissacarídeos hidrogenados) (Fadini & Cruz, 
2014). 
No Brasil, os polióis são autorizados para uso na categoria de balas e 
confeitos segundo as Boas Práticas de Fabricação (BPF), em quantidade suficiente 
para obter o efeito tecnológico desejado (limite quantum satis, q.s.) (Brasil, 2010b; 
Brasil, 2008). Dentre as funções permitidas para os polióis prevalecem aquelas 
como edulcorante, agente de corpo ou massa e umectante (Brasil, 2010b).  
Na Tabela 1 são apresentadas algumas características dos polióis e da 
sacarose. 
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Tabela 1. Propriedades físicas e químicas dos polióis e da sacarose 
 
Massa 
molecular 
Calor de 
dissolução 
(cal/g) 
Viscosidade 
Higrosco-
picidade 
Solubilidade 
(% 25 ºC) 
Dulçor 
relativo à 
sacarose 
Monossacarídeos hidrogenados 
Eritritol 122 -43,0 Muito baixa Muito baixa 37 0,70 
Xilitol 152 -36,5 Muito baixa Alta 64 0,95 
Manitol 182 -28,5 Baixa Baixa 20 0,50 
Sorbitol 182 -26,0 Média Média 70 0,50 
Dissacarídeos hidrogenados 
Maltitol 344 -18,9 Média Média 60 0,90 
Isomalte 344 -9,4 Alta Baixa 25 0,40 
Lactitol 344 -13,9 Muito baixa Média 57 0,40 
Dissacarídeo 
Sacarose 342 -4,3 Baixa Média 67 1,00 
Fontes: De Cock (2012); Sadler and Stowell (2012) 
 
O maltitol apresenta muitas das vantagens da sacarose e oferece a 
melhor aproximação às suas propriedades, representando em muitas aplicações a 
melhor opção para uma substituição direta (numa proporção de "um para um") 
(Kearsley & Deis, 2012). O maltitol apresenta dulçor relativo, solubilidade e 
comportamento de cristalização semelhantes à sacarose, no entanto, a cristalização 
a uma taxa mais lenta (Kearsley & Deis, 2012). 
O isomalte possibilita o desenvolvimento de confeitos de alta qualidade 
com excelente vida de prateleira devido à sua baixa higroscopicidade e qualidade de 
sabor, sendo a escolha preferida quando se trata de confeitos isentos de açúcares. 
Além disso, apresenta um efeito refrescante fraco, que pode ser interessante em 
determinadas aplicações em que esse efeito seria indesejado. Apresenta um perfil 
de sabor semelhante ao da sacarose, sem nenhum sabor residual, porém pode ser 
necessário o emprego de edulcorantes de alta intensidade visando prolongar ou 
alcançar o dulçor esperado pelos consumidores. Por apresentar baixa 
higroscopicidade, resulta em balas duras bastante estáveis quanto à absorção de 
umidade do ambiente e, portanto, menos susceptíveis a sofrerem alterações físicas 
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como mela e cristalização. No caso de balas mastigáveis, normalmente é utilizado 
em conjunto com o xarope de maltitol (Sentko & Willibald-Ettle, 2012). 
O xarope de maltitol pode ser usado como um agente anticristalizante e 
umectante (Sentko & Willibald-Ettle, 2012). É capaz de prevenir a taxa de 
cristalização de outros componentes presentes na formulação devido a uma porção 
com elevado peso molecular, o que o torna particularmente vantajoso para ser 
utilizado em balas mastigáveis (Deis, 2012), influenciando a textura global do 
produto. 
O eritritol pode ser usado numa grande variedade de confeitos sugar free, 
porém o seu uso é limitado devido a sua rápida capacidade de cristalização (De 
Cock, 2012). A aplicação do eritritol traz inúmeras vantagens devido a sua 
higroscopicidade muito baixa, alta tolerância digestiva, valor energético quase nulo 
(0,2 kcal/g) e efeito preventivo da cárie (De Cock, 2012). Apresenta intensidade de 
doçura relativa à sacarose de 0,70 (Sadler & Stowell, 2012) e possui efeito 
refrescante bastante intenso (De Cock, 2012).  
O xilitol pode ser utilizado na maioria dos confeitos, incluindo as balas 
mastigáveis, sendo que a sua aplicação mais comum é em gomas de mascar devido 
à proteção que confere aos dentes e também ao seu elevado poder refrescante em 
consequência da dissolução dos cristais. A sua solubilidade é semelhante à da 
sacarose à temperatura ambiente e superior a esta a temperaturas elevadas 
(Zacharis, 2012). Apresenta doçura equivalente à sacarose (0,95) (Sadler & Stowell, 
2012). Porém, o xilitol apresenta elevada higroscopicidade (De Cock, 2012) e o seu 
consumo em doses elevadas pode causar certos efeitos gastrointestinais (Zacharis, 
2012). 
 
2.2. Edulcorantes de alta intensidade ou não nutritivos 
 
Os edulcorantes de alta intensidade são geralmente centenas a milhares 
de vezes mais doces em relação à sacarose, e são empregados em quantidade 
suficiente para atingir a doçura desejada no produto final, preferencialmente, sem 
proporcionar qualquer sabor residual desagradável ao mesmo. Não são calóricos, 
exceto o aspartame e a taumatina cujas calorias se tornam desprezíveis pela 
baixíssima dosagem para a obtenção do dulçor desejado, uma vez que apresentam 
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elevado poder edulcorante (Fadini & Cruz, 2014). Os edulcorantes podem ser 
sintéticos (ex. sacarina, ciclamato, aspartame, acessulfame-k, sucralose, alitame, 
neotame, advantame) ou naturais (ex. rebaudeosídeo-A ou glicosídeos de esteviol, 
taumatina, extrato de monk fruit, entre outros). 
A Tabela 2 apresenta o dulçor relativo de alguns edulcorantes de alta 
intensidade. 
 
Tabela 2. Dulçor relativo à sacarose (considerada com valor igual a 1) 
de edulcorantes de alta intensidade 
Edulcorantes de alta 
intensidade 
Dulçor relativo 
à sacarose 
Sintéticos 
Ciclamato 30 
Aspartame 180 
Acessulfame-k 200 
Sacarina 300–500 
Sucralose 600 
Alitame 2.000 
Neotame 8.000 
Advantame 20.000 
Naturais 
Extrato de monk fruit 150–400 
Glicosídeos de esteviol / 
Rebaudeosídeo A 
300 
Taumatina 2.000–3.000 
Fonte: Nabors (2012) 
 
De acordo com Fadini & Cruz (2014), o mercado de edulcorantes naturais 
tem crescido fortemente nos últimos anos devido ao aumento do interesse pelos 
consumidores. Apesar disso, os adoçantes sintéticos ainda continuam sendo os 
mais utilizados pela indústria de alimentos, principalmente por serem mais baratos e 
fáceis de serem aplicados. 
Entre os edulcorantes sintéticos de alta intensidade, a sucralose é a mais 
utilizada, seguida do ciclamato, acesulfame-K e sacarina. Entre os edulcorantes 
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naturais aprovados para uso no Brasil, destacam-se a taumatina e os glicosídeos de 
esteviol (Fadini & Cruz, 2014). 
Os edulcorantes de alta intensidade apresentam limite máximo de uso 
conforme estabelecido pela Agência Nacional de Vigilância Sanitária (ANVISA) 
através da Resolução RDC Nº 18, de 24 de março de 2008 (Brasil, 2008). 
 
3. Açaí: aspectos gerais 
 
O açaí (Euterpe oleracea Mart.) é uma fruta tropical nativa da região 
amazônica cuja polpa apresenta alto valor energético, um conteúdo elevado de 
proteínas, fibras, ácidos graxos essenciais (ômegas 6 e 9) e compostos 
antioxidantes (antocianinas, proantocianidinas e outros flavonoides), além de ser 
fonte de vitaminas (E, B1) e minerais (Mn, Fe, Zn, Cu, Cr, Ca, P, K) (Portinho et al., 
2012; Souza et al., 2011; Oliveira et al., 2000). No Brasil, o açaí está distribuído nos 
estados do Pará (maior produtor), Amapá, Maranhão, Mato Grosso, Tocantins, Acre 
e Rondônia enquanto que na América do Sul destacam-se os países como 
Venezuela, Colômbia, Equador, Suriname, Guiana e Guiana Francesa, e na América 
Central o Panamá (Banco do Brasil, 2010; Tonon, 2009; Menezes et al., 2008; 
Rufino, 2008). 
O açaí apresenta grande importância socioeconômica para as regiões 
produtoras, sendo a sua produção uma atividade típica da agricultura familiar, 
representando importante fonte de renda anual para os agricultores (Banco do 
Brasil, 2010). Cerca de 80% da produção do açaí provém do extrativismo, enquanto 
20% provêm de açaizais nativos manejados e cultivados nessas áreas (Nogueira et 
al., 2005). Os frutos são pequenos e arredondados (diâmetro entre 1,0 e 1,5 cm), 
apresentam coloração violeta e são constituídos por um caroço proporcionalmente 
grande e pouca polpa (Tonon, 2009). A polpa do fruto de açaí representa apenas 5 a 
15% do seu volume total (Oliveira et al., 2007). O açaizeiro é uma palmeira que se 
desenvolve preferencialmente em terrenos alagados e áreas úmidas, sendo sua 
ocorrência mais frequente às margens dos rios (Lorenzi et al., 1996), podendo 
alcançar até 30 metros de altura e produzir de 3 a 4 cachos por ano, com cada 
cacho contendo entre 3 e 6 kg de fruto (Tonon, 2009). Sua safra concentra-se nos 
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meses de julho a dezembro (Tonon, 2009), período em que os frutos apresentam 
melhor qualidade organolética. 
A Tabela 3 apresenta a composição química média da polpa de açaí com 
um teor de sólidos totais de 15,26%. 
 
Tabela 3. Composição química da polpa de açaí 
Constituintes Quantidade (g/100 g, b.s.) 
Proteínas 10,05 
Lipídeos totais 52,64 
Açúcares totais 2,96 
Açúcares redutores 2,91 
Sacarose 0,05 
Fibras 25,22 
Cinzas 3,09 
Fonte: Rogez (2000) 
 
No Brasil, a qualidade das polpas de fruta é regulamentada pelo 
Ministério da Agricultura e do Abastecimento (MAPA), que estabelece a 
especificação da polpa de açaí extraída com adição de água e filtrada baseado no 
seu teor de sólidos totais: tipo A (açaí grosso ou especial) > 14%, tipo B (açaí médio 
ou regular) 11–14%, tipo C (açaí fino ou popular) 8–11% (Brasil, 2000). 
Após a colheita dos cachos de açaí, ainda no açaizal, são realizadas as 
operações de debulha e de catação, que consistem na liberação dos frutos dos 
cachos seguida da seleção visual dos frutos de acordo com o estágio de maturação 
(coloração) e eliminação daqueles atacados por insetos, doenças, animais, ou 
contaminados por material fecal. Os frutos são acondicionados em cestos feitos de 
fibras vegetais ou em caixas plásticas que permitam uma boa ventilação e assim, 
melhor conservação dos frutos. Posteriormente, os frutos são armazenados até o 
momento do transporte para o local de processamento, devendo ser despolpados 
em até 24 horas após a colheita quando estocados a temperatura ambiente devido a 
sua elevada perecibilidade (Nogueira et al., 2005). 
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O processamento industrial do açaí envolve as seguintes etapas: 
recepção dos frutos, seleção (remoção de frutos inadequados ao processamento, 
ex, verdes, deteriorados), pré-lavagem (remoção de sujidades), amolecimento 
(imersão em água a 25 ou 40–60 ºC / 10–60 minutos, visando facilitar o processo de 
despolpamento), lavagem (desinfecção com água clorada seguida de lavagem com 
água potável), despolpamento (extração mecânica da polpa de açaí constituída do 
epicarpo e do mesocarpo através do uso de despolpadeiras ou batedeiras, podendo 
haver adição de água), refino (através do uso de peneiras apropriadas para a 
retenção de resíduos indesejáveis), homogeneização (uso de tanque de 
homogeneização), embalagem e congelamento. O produto também pode passar por 
tratamento térmico (pasteurização a 80–85 ºC / 10 segundos) para melhor 
conservação (Nogueira et al., 2005). 
A alta perecibilidade do açaí limita a sua comercialização e utilização na 
forma in natura para consumo direto ou como ingrediente na elaboração de produtos 
industrializados, sendo necessária a aplicação de técnicas de conservação para 
estender a sua vida útil e preservar seus nutrientes e compostos bioativos (ex. 
pasteurização, congelamento, desidratação, entre outros). Modificações de natureza 
microbiana, enzimática (ex. peroxidase, polifenoloxidase) e química podem ocorrer 
em poucas horas no açaí estocado a temperatura ambiente, ou no máximo em 12 
horas quando refrigerado, resultando na sua desvalorização sensorial e nutricional 
(Menezes et al., 2008; Nogueira et al., 2005). Por este motivo, prevalece a 
comercialização global de açaí na forma congelada (polpa de açaí congelada) e 
desidratada em pó (Carvalho et al., 2016). Métodos de conservação da polpa de 
açaí utilizando secagem por atomização ou spray drying (Tonon et al., 2011; Tonon 
et al., 2010; Tonon et al., 2008), liofilização (Menezes et al., 2008; Schauss et al., 
2006a), irradiação (Souto, 2001) e alta pressão hidrostática (Menezes, 2005) já 
foram reportados na literatura. 
 
3.1. Mercado e comercialização do açaí 
 
O Brasil é o maior produtor mundial de açaí e também se posiciona como 
o maior consumidor e exportador deste fruto. Os principais países importadores de 
açaí são os Estados Unidos, Japão, Holanda, Coreia do Sul (Carvalho et al., 2016; 
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Menezes et al., 2008) e China (Menezes et al., 2008). O principal mercado brasileiro 
do açaí ainda é a Região Norte, especialmente o Estado do Pará, com um consumo 
anual estimado em 180 mil toneladas (Oliveira et al., 2007). Este Estado se 
posiciona como o maior produtor e consumidor de açaí, sendo responsável por 95% 
da produção nacional (Menezes et al., 2008). Os frutos são comercializados para as 
indústrias processadoras em rasas de 28 kg a um preço médio anual de R$ 36,00, 
sofrendo variações conforme o período da safra (R$ 12,00) e entressafra (R$ 85,00). 
Na Amazônia, o maior volume de açaí é comercializado após o seu processamento, 
sem resfriamento ou congelamento (Oliveira et al., 2007). 
O açaizeiro apresenta importância socioeconômica devido ao potencial de 
aproveitamento integral da palmeira, com destaque para o açaí, cuja expansão do 
consumo e valorização no mercado, juntamente com a diminuição da extração e 
venda do palmito, mostraram um efeito econômico e ecológico positivo sobre a 
conservação dos açaizais. Além do açaí e do palmito, também são aproveitadas as 
sementes (caroços) para artesanato ou adubo orgânico, as folhas para cobertura de 
casas dos habitantes do interior da região, os estipes para a extração de celulose 
para a fabricação de papel (Nogueira et al., 2005). 
 
3.2. Compostos antioxidantes no açaí 
 
O açaí é considerado um dos frutos funcionais mais populares da região 
amazônica (Yamaguchi et al., 2015) devido ao seu perfil nutricional e elevado teor 
de compostos fenólicos com propriedades antioxidantes (Paz et al., 2015). 
Alguns dos compostos fenólicos presentes em maior quantidade no açaí 
são a orientina, a isoorientina e o ácido vanílico, assim como as antocianinas 
cianidina-3-glicosídeo e cianidina-3-rutinosídeo. A presença destas substâncias está 
associada principalmente às propriedades antioxidantes, anti-inflamatórias, anti-
proliferativas, cardioprotetoras (Yamaguchi et al., 2015), antimicrobiana, antialérgica 
(Tonon, 2009) e também à prevenção de doenças cardiovasculares, neurológicas, 
entre outras, o que tornou o açaí conhecido como superalimento (superfruit), com 
propriedades nutracêuticas ou funcionais (Carvalho et al., 2016; Menezes et al., 
2008). O consumo regular de alimentos ricos em compostos fenólicos tem sido 
positivamente associado a efeitos benéficos à saúde como, por exemplo, a 
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prevenção de doenças crônicas e degenerativas devido ao potencial antioxidante 
destes compostos, capaz de combater ou prevenir o stress oxidativo e, 
consequentemente, os danos celulares causados pela produção excessiva de 
radicais livres no corpo humano (Chan et al., 2016; Lai et al., 2016). 
A composição fitoquímica e as propriedades antioxidantes do açai têm 
sido foco de diversos estudos científicos (Carvalho et al., 2016; Bataglion et al., 
2015; Paz et al., 2015; Portinho et al., 2012; Bernaud & Funchal, 2011; Hogan et al., 
2010; Souza et al., 2010; Menezes et al., 2008; Schauss et al., 2006b; Hassimotto et 
al., 2005; Lichtenthäler et al., 2005; Coïsson et al., 2005; Del Pozo-Insfran et al., 
2004; Plotkin & Balick, 1984) e tem aumentado consideravelmente na última década 
(Yamaguchi et al., 2015). A atividade antioxidante da polpa de açaí é a mais 
avaliada por diferentes métodos, incluindo a varredura de radicais livres in vitro em 
plasma humano e em modelos celulares (Yamaguchi et al., 2015). 
Além do destaque dado às propriedades funcionais do açaí, a presença 
de antocianinas em sua composição o torna uma excelente fonte de pigmentos 
naturais, o que vem despertando a atenção para o seu uso como um ingrediente 
alimentício com propriedades de conferir cor em produtos industrializados, sendo 
uma alternativa natural aos corantes artificiais (Yamaguchi et al., 2015; Silva et al., 
2016; Tonon, 2009). 
 
3.3. Utilização industrial do açaí 
 
O açaí tem aplicação nas áreas de alimentos, farmacêutica e cosmética 
(Yamaguchi et al., 2015). 
Na área de alimentos, há grande perspectiva de utilização do açaí nas 
indústrias de corantes naturais, bebidas isotônicas e refrigerantes. Além da forma 
tradicional de consumo, a polpa de açaí já é utilizada na produção industrial ou 
artesanal de sorvetes, picolés e geleias (Nogueira et al., 2005; Yamaguchi et al., 
2015), além de chás, shakes, sopas e sucos (Yamaguchi et al., 2015). De acordo 
com Mintel (2015), entre os alimentos industrializados contendo açaí lançados no 
mercado global entre 2010–2015, 22% pertenceram à categoria de sucos, 12% às 
bebidas esportivas e energéticas, 9% aos snacks, 7% às sobremesas e sorvetes, 
5% aos produtos lácteos e 3% ao setor de confectionery. EUA (30%), Brasil (19%) e 
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Canadá (8%) foram os países mais representativos no lançamento de produtos 
contendo açaí. 
Na área farmacêutica, a polpa de açaí tem sido utilizada como aditivo 
para aumentar a vida útil de medicamentos devido a sua alta atividade antioxidante. 
O açaí desidratado tem sido aplicado em suplementos alimentares, pastilhas 
comprimidas, cápsulas de gelatina (Yamaguchi et al., 2015). 
Na área cosmética, prevalecem estudos e aplicação do açaí em fórmulas 
antienvelhecimento, assim como na prevenção de desordens cutâneas. Outras 
aplicações de extratos e óleos de açaí em produtos cosméticos são shampoos, 
condicionadores, cremes antirrugas, hidratante corporal e creme para os pés 
(Yamaguchi et al., 2015). 
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Abstract 
The growing demand for sugar-free confectionery products with fruit added motivated 
the study of a dietary model system (chewy candy) to be the basis for the 
incorporation of a tropical Brazilian fruit (açai – Euterpe oleracea Mart.) with 
outstanding sensorial properties. The effect of the polyols maltitol, isomalt, xylitol and 
erythritol was evaluated on the water activity and instrumental texture of the dietary 
model systems through a simplex lattice mixture design. The trial with the best 
performance was chosen to incorporate a spray-dried açai powder and was 
compared to a reference açai chewy candy containing sucrose by sensory analysis. 
The sucrose replacement by isomalt and erythritol resulted in a soft texture 
(hardness of 4.08 N), proper water activity (0.43) and stable dietary system 
concerning the maintenance of shape. The addition of spray-dried açai powder (10.4 
g/100 g, in dry basis) at this system enabled to explore the flavor and color potential 
of the fruit and to eliminate the addition of vegetable fat generally used at the 
conventional formulation. The sensory tests indicated that the no-added sucrose açai 
chewy candy was acceptable for all the evaluated attributes and approved regarding 
purchase intent, presenting better results than the containing-sucrose açai chewy 
candy. 
 
Keywords: Chewy candy; Açai; Polyol; Texture; Acceptance. 
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1. Introduction 
 
Chewy candies are essentially composed by sugars (sucrose and glucose 
syrup), fat, textural agents (Fadini, Facchini, Queiroz, Anjos, & Yotsuyanagi, 2003), 
emulsifier, color, flavor and acid. In sugar-free formulations, bulk sweeteners (polyols 
or sugar alcohols) can be used as sugar replacers, bringing technological benefits, 
particularly contributing mainly to the sweetness, bulk and texture (Sadler & Stowell, 
2012). 
The texture features of a food may indicate its quality and greatly influence 
consumer acceptance and preference. The consistency and chewability of sugar-free 
chewy candies are affected by the crystallization properties of the polyols and their 
balance with the non-crystallizable phase of the product (Sentko & Willibald-Ettle, 
2012). The physical or textural characteristics are also significantly influenced by the 
water content (Figiel & Tajner-Czopek, 2006), the textural agent and the fat content 
and type. 
Maltitol offers the closest approximation to sucrose properties, 
representing an excellent option for sucrose replacement in „one for one‟ proportions 
(Kearsley & Deis, 2012). Isomalt enables the development of high shelf life sugar-
free confections due to its very low water absorption and also taste quality (Sentko & 
Willibald-Ettle, 2012). Xylitol and erythritol are applicable for most confectionery types 
(De Cock, 2012; Zacharis, 2012), and despite being expensive alternatives, they 
offer the advantages of dental health (cariostatic or caries-preventive effect) and zero 
calorie, respectively (Zacharis, 2012). 
Açai (Euterpe oleracea Mart.) is a tropical fruit native from the northern 
Brazil, where it has great socio-economic importance (Portinho, Zimmermann, & 
Bruck, 2012). The açai phytochemical composition (high polyphenols content, mainly 
anthocyanins and flavonoids) and its high antioxidant capacity have being linked to a 
range of health-promoting benefits, such as anti-ageing, anti-inflammatory, 
antiproliferative and cardioprotective properties (Heinrich, Dhanji, & Casselman, 
2011; Portinho et al., 2012). Furthermore, the high lipid content of açai pulp (48.24 
g/100 g, db) (Tonon, Alexandre, Hubinger, & Cunha, 2009), very rich in unsaturated 
fatty acids (Omegas 6 and 9), fibers, proteins, vitamins (E, C) and minerals (Mn, Fe, 
Zn, Cu, Cr) (Portinho et al., 2012) can represent an important improvement in the 
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nutritional profile of açai-based products. Besides these advantages, the use of fruit 
in confectionery products allows the replacement of artificial coloring additives 
commonly used in traditional products (Queiroz & Nabeshima, 2014), being an 
important factor to be considered in the case of products having great appeal among 
children. 
According to Mintel (2015), the processed foods containing açai launched 
in the global market during the last five years had no additives/preservatives (21%), 
antioxidant (18%), low/no/reduced sugar (14%) or calorie (13%), all natural (13%), 
functional (11%) claims. From these products, 22% belonged to juice drinks, 12% to 
sports & energy drinks, 9% to snacks, 7% to desserts & ice cream and 5% to dairy 
categories. The sugar & gum confectionery category represented only 3% of the 
introduced foods. USA (30%), Brazil (19%) and Canada (8%) were the most 
representative countries in launching products containing açai. 
Mixture experimental designs are suitable for studies in which the 
properties of interest vary depending on the composition of the mixture in processed 
foods and the ingredients or components interactions, considering that their 
proportions in the mixture are dependent on each other, and that their sum is always 
100% (Dutcosky, Grossmann, Silva, & Welsch, 2006; Karaman, Yilmaz, & Kayacier, 
2011). In the development of a product, it is essential to optimize the formulation in 
order to determine the optimum levels of the components (Dutcosky et al., 2006). 
This technique is widely applied in science, engineering and industry (Barros Neto, 
Scarminio, & Bruns, 2001; Flores, Costa, Yamashita, Gerschenson, & Grossmann, 
2010). Using this methodology, the objective of the present study was to evaluate the 
influence of sucrose replacement by maltitol, isomalt, xylitol and erythritol on the 
water activity and instrumental texture of a dietary model system (chewy candy). The 
effect of the addition of spray-dried açai powder on sensorial attributes was 
additionally investigated for no-added sucrose and containing-sucrose chewy 
candies. 
 
2. Materials and methods 
 
2.1. Materials 
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The following materials were used to produce the chewy candies: 
- Model system: maltitol syrup (Polyglobe® 1351, purity ≥ 50% (db), 
Ingredion); maltitol powder (Maltisorb® P90, purity ≥ 98%, Roquette Freres); isomalt 
powder (C*IsoMaltidex 16500, purity ≥ 98%, Cargill); xylitol powder (Xylisorb® 300, 
purity ≥ 99%, Roquette Freres); erythritol powder (ZeroseTM Erythritol STD GRAN, 
purity ≥ 99.5%, Cargill); vegetable fat (Al Lette K39 LT, Cargill); soy lecithin stabilizing 
agent (SolecTM SG, Solae); 
- No-added sucrose açai chewy candy: spray-dried açai powder (obtained 
by spray drying process according to Section 2.4); maltitol syrup; isomalt powder; 
erythritol powder; soy lecithin stabilizing agent; 
- Containing-sucrose açai chewy candy: spray-dried açai powder; glucose 
syrup 40 DE (GlucogillTM, Cargill); refined granulated sucrose; soy lecithin stabilizing 
agent. 
 
2.2. Statistical design and data analysis 
 
An experimental simplex lattice mixture design was adopted in order to 
determine the influence of four independent variables on the model system 
properties, consisting of 10 experiments (Barros Neto et al., 2001). The four 
independent variables were maltitol (x1), isomalt (x2), xylitol (x3) and erythritol (x4). 
The responses under observation were water activity (Y1) and instrumental texture 
for hardness parameter (Y2). 
According to the mixture design, the polyols maltitol, isomalt, xylitol and 
erythritol were present individually in the formulation or combined with another polyol 
in a ratio of 1:1, resulting in a total dry weight concentration of 56 g/100 g of chewy 
candy. The amount of other ingredients in the formulation of the model system was 
fixed at 37.4 g/100 g to maltitol syrup, 6.0 g/100 g to vegetable fat and 0.6 g/100 g to 
soy lecithin. Considering the balance between the non-crystallizable (maltitol syrup) 
and the crystallizable (polyols powdered) phases, a ratio of 2:3 was obtained. The 
fixed intervals of the independent variables (mixture components) were determined in 
preliminary trials considering the physical characteristic of the obtained chewy 
candies, avoiding levels that would result in an excessive mass flowability, not 
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capable of being formed/cut. The selected levels to perform the mixture design are 
stated in Table 1. 
 
Table 1 
Real levels of independent variables. 
Independent variables (g/100 g, db) Coded variables
a
 0.0 0.5 1.0 
Maltitol x1 0 28 56 
Isomalt x2 0 28 56 
Xylitol x3 0 28 56 
Erythritol x4 0 28 56 
x1 + x2 + x3 + x4 = 100% of the mixture design (Σx = 1.0). 
a
 The sum of component fractions is equal to 1.0. 
 
The Statistica® 12 (StatSoft Inc., Tulsa, USA) program was used for data 
analyses (ANOVA variance, regression coefficient calculation, response surfaces 
and Tukey‟s test). The statistical analyses were reported with 95% confidence 
intervals. 
 
2.2.1. Determination of water activity (aw) 
The water activity was determined with a water activity meter (AquaLab 
4TEV, Decagon Devices Inc., Pullman, USA) after samples equilibrium at 25 ºC. The 
measurements were performed after the chewy candies had been stored for 10 days 
at 25 ºC, in triplicate. 
 
2.2.2. Determination of instrumental texture  
For instrumental texture analysis, chewy candies were formatted in 
dimensions of 35 x 35 x 20 mm and the measurements were performed after 10 days 
of storage at 25 ºC. Mechanical measurements were performed using a texturometer 
(TA.XT2i Texture Analyser, Stable Micro Systems Ltd., Godalming, UK) equipped 
with a P/4 probe (4 mm dia. cylinder), considering measure force in compression for 
hardness parameter (Newton). Measurements were taken at a pretest and posttest 
speed of 2.0 mm s-1, a test speed of 1.0 mm s-1, 0.05 N trigger force, with penetration 
distance of 4.0 mm. The results were averages of 10 replicates for each sample. 
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2.3. Manufacturing of chewy candies: process description 
 
The trials were conducted on batches of 1.5 kg using the procedure of 
chewy candy manufacturing described by Fadini, Facchini, Queiroz, Anjos, and 
Yotsuyanagi (2003), including adaptations to the dietary model system. In general, it 
followed these production steps: pre-cooking/dissolution, cooking, cooling, pulling, 
forming/cutting and packing. The process parameters were chosen from preliminary 
studies and conditions shown by Sentko and Willibald-Ettle (2012) concerning the 
low boiling candies manufacturing using isomalt, including adjustments. 
Polyol(s) powdered, maltitol syrup and water were pre-cooked under 
atmospheric condition until the complete dissolution of polyol crystals, at  
approximately 110 ºC, whereupon vegetable fat previously melted and soy lecithin 
were added, remaining in cooking up to 129 ºC. The mass was immediately 
transferred to an atmospheric batch system (Fig. 1) and boiled until 131 ºC in order to 
reach the final moisture content of about 6 g/100 g. During cooking the mass was 
stirred at 90 rpm to ensure uniform temperature on the entire batch. Heating was 
promoted through thermal oil (silicone fluid, 10 cSt, Xiameter® PMX-200, Dow 
Corning Corp.) to control the temperature accurately. After reaching the desired 
cooking temperature the mass was cooled down until reaching a plastified mass 
(approx. 45-50 ºC). Then the cool mass was pulled mechanically (at 40 rpm) for 20 
min, formed and cut (2.1 x 1.8 x 0.9 cm). The chewy candies were packed in a 
moisture protective packaging material (laminated film composed of biaxially oriented 
polypropylene (BOPP)/BOPP metallized, Water Vapor Permeability (WVP) at 38 
ºC/90% RH of 0.78 g water m-2 day-1). 
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Fig. 1. Schematic diagram of the atmospheric batch system used for cooking the chewy 
candy mass. (1) Thermal bath (Ecoline Staredition RE212, Lauda); (2) vat where the mass is 
contained for cooking; (3) control unit for programming temperature of the thermal oil; (4) 
stirring system (TE039/1, Tecnal); (5) thermal oil; (6) temperature recorder (Almemo® 2390-
5, Ahlborn GmbH‟s). 
 
The cooker presented appropriate temperature control and slow heating 
rate (approx. 0.3–0.4 ºC min-1) which ensured the standardization of the residual 
moisture content of the chewy candies, minimizing final moisture content variation 
between the trials (not exceeding 1 g/100 g variation). The residual moisture content 
of the samples was determined by the volumetric Karl Fischer titration method 
(Titrando 901, Metrohm Pensalab), performed in triplicate (Bruttel & Schlink, 2003). 
For no-added sucrose açai chewy candy the production steps and the 
process parameters were the same as the ones described in the model system. The 
only difference was the ingredients used, since no vegetable fat was added and 
spray-dried açai powder was applied in the cooling step aiming to prevent nutritional 
and sensorial losses by its heat exposure. 
For containing-sucrose açai chewy candy the process steps followed the 
same description previously mentioned, differing in the ingredients used (sucrose 
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and glucose syrup) and the cooking temperature (118 ºC). No vegetable fat was 
added and spray-dried açai powder was also applied in the cooling step. 
 
2.4. Spray drying process to obtain açai powder 
 
A sample of açai powder was prepared with frozen açai pulp (De Marchi) 
after the pulp was thawed at room temperature (25 ºC). Table 2 presents the 
physicochemical properties of the raw material. Maltodextrin 20 DE (MOR-REX® 
1920, Ingredion) was added to the pulp as a carrier agent in a concentration of 60 
g/100 g and they were homogenized in a colloid mill until complete dissolution (200 
L/h at 10 HP). Maltodextrin is commonly used in spray drying processes of fruit pulp 
due to its efficiency in preserving the physical chemical characteristics of the fruit, 
and the powder obtained is usually less hygroscopic (Ferrari, Germer, Alvim, 
Vissotto, & Aguirre, 2012).  The powder was obtained using a pilot spray dryer (Gea 
Niro Atomizer, CB3104D, Soborg, Denmark) with a 0.5 mm diameter nozzle and 
atomizer at 6000 rpm. The inlet air temperature was 170 ± 10 ºC, the outlet air 
temperature was 80 ± 10 ºC, the feed flow rate was around 10–15 kg/h and the 
drying air flow rate was 473 L/h. The trial was carried out with 55 kg of the mixture of 
açai pulp and maltodextrin.  
 
Table 2 
Physicochemical properties of açai pulp subjected to spray drying process. 
Analysis  Method 
Moisture content (g/100 g) 89.65 ± 0.05 AOAC (2006) 
Water activity 1.00 ± 0.00 AOAC (2006) 
Titratable acidity (g/100 g citric acid) 0.180 ± 0.003 AOAC (2006) 
Soluble solids content (ºBrix) 2.3 ± 0.2 Refractometer (10450, Abbe) 
pH 4.69 ± 0.02 pH meter (DM20, Digimed) 
Color parameters  Colorimeter (CR400, Konica Minolta)  
L* (luminosity) 25.97 ± 0.20 (D65 illuminant/10º observer angle) 
a* (green to red) 3.42 ± 0.07  
b* (blue to yellow) 3.21 ± 0.09  
Each value represents the mean of three replications ± standard deviation, except for color parameters, 
with ten replications. 
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2.5. Sensory evaluation of açai chewy candies 
 
The trial of the dietary model system which resulted in the best 
performance regarding water activity and texture parameters was chosen to apply 
the spray-dried açai powder and was compared to a reference açai chewy candy 
containing sucrose by sensory acceptance test. 
The sensory evaluation was carried out with 50 subjects composed of men 
and women, aged between 18 and 50 years, in a laboratory with individual cabins. 
Two samples of açai chewy candy (no-added sucrose and containing-sucrose 
samples), with approximately 3 g (1 unit) each one, were served to the subjects at a 
monadic sequence, in plastic cups codified with random three-digit numbers. Some 
water was provided in order to clean off taste buds after the evaluation of each 
sample (Meilgaard, Civille, & Carr, 2007). 
The samples were evaluated using the nine-point verbally anchored 
hedonic scale (1 = Dislike extremely, 5 = Neither like nor dislike, 9 = Like extremely) 
to determine liking of color (COL), flavor (FLV), texture (TEX) and overall impression 
(OAI). The results were subjected to statistical analysis using the SAS 2013 software 
(SAS Institute Inc., Cary, US). For parametric data, the analysis of variance (ANOVA) 
was used, and the means were compared (Tukey‟s test) adopting the value of p ≤ 
0.05 as the criterion for statistical significance. The purchase intent of the samples 
was evaluated using a five-point structured scale (1 = Definitely would not buy and 5 
= Definitely would buy) (Meilgaard et al., 2007). 
This research is in accordance with the ethical research on human beings 
and was approved by the Ethics in Research Committee of the Faculty of Medical 
Sciences of the University of Campinas - UNICAMP, Brazil, under the number CAAE 
13299313.6.00005404. 
 
3. Results and discussion 
 
3.1. Statistical design for the dietary model system 
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Table 3 shows the coded levels and experimental values of the 
independent variables according to the simplex lattice mixture design and the results 
obtained. 
 
Table 3 
Responses of dependent variables according to the chewy candy composition. 
Run 
Coded values 
 
Real values (x) (g/100 g, db) 
 
Responses (Y) Moisture 
content 
(g/100 g) x1 x2 x3 x4 MAL ISO XYL ERY aw Hardness (N) 
1 1 0 0 0  56 0 0 0 
 
0.35 ± 0.00
e,f 
 23.50 ± 1.41
c 
 6.16 ± 0.06
a,c
 
2 0 1 0 0  0 56 0 0 
 
0.33 ± 0.00
g 
171.09 ± 16.99
a 
5.84 ± 0.05
c 
3 0 0 1 0  0 0 56 0 
 
0.46 ± 0.00
c 
  0.77 ± 0.06
e 
6.47 ± 0.24
a,b 
4 0 0 0 1  0 0 0 56 
 
0.53 ± 0.00
a 
 14.14 ± 0.51
d 
6.15 ± 0.25
a,c 
5 0.5 0.5 0 0  28 28 0 0 
 
0.37 ± 0.01
e 
 56.39 ± 4.81
b 
6.01 ± 0.09
b,c
 
6 0.5 0 0.5 0  28 0 28 0 
 
0.34 ± 0.01
f,g 
  0.42 ± 0.03
e 
5.90 ± 0.19
b,c
 
7 0.5 0 0 0.5  28 0 0 28 
 
0.46 ± 0.01
c 
25.43 ± 2.54
c 
6.74 ± 0.24
a 
8 0 0.5 0.5 0  0 28 28 0 
 
0.33 ± 0.00
g 
  0.24 ± 0.01
e 
5.86 ± 0.20
b,c 
9 0 0.5 0 0.5  0 28 0 28 
 
0.43 ± 0.00
d 
 4.08 ± 0.13
e 
6.20 ± 0.11
a,c 
10 0 0 0.5 0.5  0 0 28 28 
 
0.49 ± 0.00
b 
  0.18 ± 0.01
e 
6.34 ± 0.45
a,c 
Responses values represent means ± standard deviations. Hardness responses are the average of ten 
independent measurements and aw and moisture content responses are the average of three independent 
measurements. 
Abbreviations: MAL, Maltitol; ISO, Isomalt; XYL, Xylitol; ERY, Erythritol. 
Note: Values followed by different letters in the same column are significantly different (p ≤ 0.05) according to 
Tukey´s test. 
 
Chewy candies from the model system were consisted of polyol(s) 
powdered (56 g/100 g), maltitol syrup (37.4 g/100 g), vegetable fat (6.0 g/100 g) and 
soy lecithin (0.6 g/100 g), in dry solid basis. The ratio of non-crystallizable (maltitol 
syrup) and crystallizable solids (maltitol, isomalt, xylitol, erythritol) was 2:3 for all 
trials. According to Flambeau, Respondek, and Wagner (2012), sugar-free chewy 
candies can be elaborated with the proportions of non-crystallizable and 
crystallizable solids of 2:3 to 1:3, specifically for maltitol syrup and maltitol powder, 
respectively. 
According to Table 3, the water activity and residual moisture content of 
the samples ranged from 0.33 to 0.53 and 5.84 to 6.74 g/100 g, respectively, being 
most of them close to the values indicated for the chewy candy category (aw of 0.45–
0.60, moisture content of 6–10 g/100 g) (Ergun, Lietha, & Hartel, 2010). Depending 
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on the polyol(s) used in the elaboration of the chewy candy, the texture greatly varied 
from very soft (0.18–0.77 N) and soft (4.08–25.43 N) to hard (56.39 N) and very hard 
(171.09 N). 
Statistical analysis of the water activity response yielded a significant 
regression model at p < 0.05 within the studied range. This response was 
significantly influenced by all the independent variables. Therefore, all the 
parameters of the model were significant, and the model could be developed with the 
coded variables. The coded model is expressed by Eq. (1).  
 
Y1 = 0.3540 x1 + 0.3237 x2 + 0.4170 x3 + 0.5373 x4                                                  (1) 
 
The ANOVA data resulted in a R2 of 84.5% and the calculated regression 
F-value higher than the tabulated one, indicating good reproducibility of the 
experimental data. Low relative errors were observed, indicating that the coded 
model validated by ANOVA fits well for water activity response. 
For hardness response only the variable isomalt was statistically 
significant at 5% significance (p < 0.05). The analysis of variance (ANOVA) indicated 
a percentage of variation explained by the model of 63%. When the statistical model 
is simple, with only one significant variable, there may be inaccuracies of the model 
on predicting the experimental data. For this reason, a statistical model was not 
considered for hardness. 
Samples containing xylitol in the formulation, either alone (run number 3) 
or in combination with another polyol (runs number 6, 8 and 10), showed the lowest 
hardness values (0.18–0.77 N). Zacharis (2012) reported that xylitol generally forms 
a softer product compared to other polyols. Besides presenting very soft texture and 
appropriate aw, during manufacturing process these samples showed high stickiness 
and instability regarding their structuring, not capable of maintaining their shape after 
being formed/cut. Probably, the high hygroscopicity of xylitol (De Cock, 2012) may 
have contributed to this characteristic. Fig. 2a shows a tendency in increasing aw of 
the chewy candies by increasing xylitol concentration in the presence of isomalte and 
maltitol. According to Zacharis (2012), commercially, there are xylitol-containing 
chewy candies; however, xylitol is more commonly applied in combination with other 
polyols. Therefore, xylitol is a promising polyol to be used in the composition of 
Capítulo 2   59 
 
 
chewy candies, although additional investigation is necessary in order to adjust the 
maintenance of shape.  
The trials which exclusively contained isomalt (run number 2) and its 
combination with maltitol powder (run number 5), resulted in the highest hardness 
chewy candies, negatively affecting their chewiness and texture, despite presenting 
proper aw and moisture content. 
Run number 1, elaborated with maltitol, showed high stickiness during the 
manufacturing process and after being formed/cut, although it presented adequate 
aw, moisture content and a soft texture. Probably its medium hygroscopicity (De 
Cock, 2012) and the degree of crystallinity of the sample (Ergun et al., 2010), with 
few polyol crystals, may have interfered on this aspect. Sentko and Willibald-Ettle 
(2012) recommend an addition of seeding crystals of isomalt ST (ST-PF) as a 
crystallization initiator after the boiling process in order to minimize this characteristic 
in sugar-free chewy candies, thus reducing stickiness and increasing shape stability. 
Samples containing erythritol in the formulation, either alone (run number 
4) or in combination with another polyol (runs number 7, 9 and 10), resulted in soft 
textures (≤ 25.43 N) and one of the highest observed values for aw (0.43–0.53) and 
moisture content (6.15–6.74 g/100 g). High moisture content can potentially lead to 
softer texture and also enhance internal mobility of all molecules present in the 
confection, inducing polyol recrystallization (Ergun et al., 2010) and the 
approximation of the formed crystals (from crystalline polyols). Furthermore, erythritol 
presents high speed of crystallization (De Cock, 2012) and, as polyol crystals are 
formed, the concentration of the dissolved solids from the liquid phase decreases. 
Consequently, the water activity of the confection increases due to the exclusionary 
process of forming the crystal lattice (Ergun et al., 2010). The tendency of aw 
increase in the presence of erythritol can be observed in Fig. 2b,c,d. According to De 
Cock (2012), erythritol is capable of providing and maintaining a soft and chewy 
texture to the product over a longer period of time.  
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                                 (a)                                                                             (b) 
 
                                 (c)                                                                             (d) 
Fig. 2. Contour plot of experimental values obtained for water activity of the chewy candies 
as a function of: (a) maltitol, isomalt and xylitol; (b) maltitol, isomalt and erythritol; (c) maltitol, 
xylitol and erythritol; (d) isomalt, xylitol and erythritol. 
 
Run number 4, exclusively containing erythritol representing the 
crystallizable phase, resulted in a mischaracterized mass, very crystalline and 
crumbly since the cooling step. This happened due to the crystallization behavior of 
erythritol, which induced to high the crystallization of the product. The excess of 
crystallization can be confirmed by the highest value observed for aw (Ergun et al., 
2010). The partial replacement (50%) of erythritol by other polyols such as maltitol 
(run number 7) and isomalt (run number 9) powders was able to compensate the lack 
of performance of erythritol, resulting in softer textures and proper aw. Run number 9 
presented the closest hardness value compared to the literature data of 1.96 N (Izzo, 
Stahl, & Tuazon, 1995). Although both experiments presented good responses for 
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the evaluated parameters, samples from run number 7 showed slight shape 
deformation after forming/cutting processes. 
Therefore, the model system from run number 9, composed by erythritol 
and isomalt (ratio of 1:1) representing the crystallizable phase, was used as a 
reference in order to produce no-added sucrose açai chewy candy. Besides 
appropriate texture (4.08 N), aw (0.43), moisture content (6.20 g/100 g) and good 
shape/structure stability, it was preferred to choose polyols with low hygroscopicity, 
since erythritol and isomalt are less hygroscopic than xylitol and maltitol (De Cock, 
2012; Flambeau et al., 2012). 
 
3.2. Sensory evaluation of açai chewy candies 
 
The sample obtained in run number 9 (Table 3) was chosen as a 
reference for applying spray-dried açai powder to sensory analysis with the aim of 
evaluating consumers acceptance (50 subjects). Its liking of color, flavor, texture and 
overall impression were compared with a containing-sucrose açai chewy candy. 
The moisture of the obtained açai powder added in the chewy candies 
was 2.13 ± 0.06 g/100 g and the final maltodextrin concentration was 51.48 g/100 g. 
Table 4 presents the formulation of the containing-sucrose (CS) and no-
added sucrose (NAS) açai chewy candies and the results for their characterization. 
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Table 4 
Containing-sucrose and no-added sucrose açai chewy candies formulations (in dry solid 
basis, db) and their physical and physicochemical characterization. 
Formulations (g/100 g, db) CS NAS 
Non-crystallizable solids
1 
35.7 35.7 
Crystallizable solids
2 
53.6 53.6 
Spray-dried açai powder
 
10.4 10.4 
Soy lecithin 0.3 0.3 
Total 100.0 100.0 
Ratio of non-crystallizable:crystallizable solids 2:3 2:3 
Water activity 0.63 ± 0.00 0.49 ± 0.01 
Hardness (N) 20.16 ± 1.14 17.85 ± 1.29 
Moisture content (g/100 g) 8.11 ± 0.04 7.51 ± 0.12 
Characterization responses values represent means ± standard deviations. Hardness responses are the average of ten 
independent measurements and aw and moisture content responses are the average of three independent measurements. 
Abbreviations: CS, containing-sucrose açai chewy candy; NAS, no-added sucrose açai chewy candy. 
Notes:
1
Non-crystallizable solids correspond to glucose syrup for CS and maltitol syrup for NAS; 
2
Crystallizable solids 
correspond to sucrose for CS and isomalt and erythritol (1:1 ratio) for NAS. 
 
The addition of 10.4 g/100 g of spray-dried açai powder (db) in the chewy 
candies (corresponding to 5 g/100 g of açai and 5.4 g/100 g of maltodextrin, db) 
enabled the elimination of the vegetable fat commonly employed in traditional 
formulations and also used in the dietary model systems presented in this study, 
without affecting the texture of the final products. Both açai chewy candies presented 
hardness values close to the ones of a conventional chewy candy (15.72 N) shown 
by Fadini et al. (2003), besides proper aw and moisture content. Furthermore, the 
açai contributed with pigment and flavor, enabling no use of coloring and flavoring 
additives. 
Table 5 presents the mean results for the sensory acceptance test and 
Table 6 shows the acceptance (values above the midpoint of the scale, 9–6), 
indifference (midpoint value, 5) and rejection (values below the midpoint, 4–1) 
percentages attributed by the interviewed subjects associated with the samples in 
relation to each one of the evaluated sensorial attributes (COL, FLV, TEX, OAI) 
through the hedonic scale used, even as the positive purchase intent (5–4 values), 
uncertainty (3 value) and negative purchase intent (2–1 values) percentages. Fig. 3 
shows the distribution of the purchase intent of the consumers. 
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Table 5 
Attribute means of the sensory acceptance test and purchase intent for containing-sucrose 
and no-added sucrose açai chewy candies. 
Samples 
Sensory attributes
 
 
Purchase intent (%) 
COL FLV TEX OAI 
CS 7.56 ± 1.07
a 
7.00 ± 1.60
b 
7.82 ± 0.94
a 
7.38 ± 1.12
a 
3.54 ± 1.20
b 
NAS 7.40 ± 1.18
a 
7.50 ± 1.13
a 
7.60 ± 1.05
a 
7.36 ± 0.92
a 
4.06 ± 0.82
a 
MSD 0.44 0.49 0.37 0.37 0.41 
Responses values represent means ± standard deviations (50 subjects). 
Abbreviations: CS, containing-sucrose açai chewy candy; NAS, no-added sucrose açai chewy candy; MSD, 
Minimum Significant Difference as determined by Tukey‟s test at 5% significance; COL, color; FLV, flavor; TEX, 
texture; OAI, overall impression. 
Notes: Mean values followed by different letters in the same column are significantly different (p ≤ 0.05) according 
to Tukey´s test; Acceptance test scale for the sensory attributes: 1 = Dislike extremely, 2 = Dislike very much, 3 = 
Dislike moderately, 4 = Dislike slightly, 5 = Neither like nor dislike, 6 = Like slightly, 7 =  Like moderately, 8 = Like 
very much, 9 = Like extremely; Purchase intent scale: 1 = “Definitely would not buy”, 2 = “Probably would not 
buy”, 3 = “Maybe/maybe not”, 4 = “Probably would buy”, 5 = “Definitely would buy”. 
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Table 6 
Frequency of acceptance, indifference and rejection of the color, flavor, texture and overall 
impression and frequency of positive purchase intent, uncertainty and negative purchase 
intent of the açai chewy candies. 
Acceptability / purchase intent 
Samples
 
CS NAS 
COL 
Acceptance (%) 96.0 92.0 
Indifference (%) 2.0 6.0 
Rejection (%) 2.0 2.0 
FLV 
Acceptance (%) 78.0 98.0 
Indifference (%) 14.0 0.0 
Rejection (%) 8.0 2.0 
TEX 
Acceptance (%) 98.0 98.0 
Indifference (%) 2.0 0.0 
Rejection (%) 0.0 2.0 
OAI 
Acceptance (%) 92.0 98.0 
Indifference (%) 8.0 0.0 
Rejection (%) 0.0 2.0 
Purchase intent 
Positive (%) 48.0 84.0 
Uncertainty (%) 32.0 12.0 
Negative (%) 20.0 4.0 
Abbreviations: CS, containing-sucrose açai chewy candy; NAS, no-added sucrose açai chewy candy; 
COL, color; FLV, flavor; TEX, texture; OAI, overall impression. 
Notes: Acceptability: acceptance percentages = values from 9 (Like extremely) to 6 (Like slightly), indifference 
percentages = 5 (Neither like nor dislike), rejection percentages = values from 4 (Dislike slightly) to 1 (Dislike 
extremely); Purchase intent: positive percentages = 5 (Definitely would buy) and 4 (Probably would buy), 
uncertainty percentages = 3 (Maybe/maybe not), negative percentages = 2 (Probably would not buy) and 1 
(Definitely would not buy). 
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Fig. 3. Distribution of the purchase intent of consumers for containing-sucrose (CS) and no-
added sucrose (NAS) açai chewy candies, using the purchase intent scale of 1 = “Definitely 
would not buy”, 2 = “Probably would not buy”, 3 = “Maybe/maybe not”, 4 = “Probably would 
buy”, 5 = “Definitely would buy”. 
 
The acceptability of both açai chewy candies by the consumers in relation 
to color, texture and overall impression (Table 5) do not differ statistically. The 
samples only differed significantly (p ≤ 0.05) regarding the flavor attribute, being the 
sample with sugar substitutes (NAS) better accepted by consumers. The mean 
acceptance values (Table 5) for all the attributes for each sample were higher than 
6.0 (first score in the liking category for the scale used), being positioned between 
the answers „Like moderately‟ and „Like very much‟. Therefore, the samples (CS and 
NAS) may be considered acceptable according to Muñoz, Civille, and Carr (1992) 
criterion, who reference an acceptability score of 6.0 in a nine-point hedonic scale as 
the commercial or quality limit. Furthermore, both samples presented high 
acceptance frequencies (Table 6) for the evaluated attributes: color (92–96%), 
texture (98%), overall impression (92–98%). Regarding the flavor attribute, the no-
added sucrose sample was better evaluated (98%) than the containing-sucrose 
sample (78%), which presented higher frequency of indifference (14%) and rejection 
(8%) by the consumers. 
The highest frequency of positive purchase intent was observed for the 
no-added sucrose sample (84%), whereas the containing-sucrose sample showed 
lower positive purchase intent (48%) and the highest negative purchase intent (20%). 
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The flavor attribute may have contributed to the more satisfactory behavior toward 
purchase intent of the no-added sucrose sample. According to Sentko and Willibald-
Ettle (2012), isomalt is capable of enhancing flavor transfer in food and when it is 
combined with maltitol syrup, a synergistic effect in sweetening power is observed. 
In general, the two samples of açai chewy candies presented high scores 
of acceptance by consumers (Table 6), thus presenting great possibility of 
commercial inclusion due to their good impact measured in terms of their sensory 
properties. This study showed that the fruit (10.4 g of açai/100 g of chewy candy) 
was a natural and innovative option as an ingredient to be used by the confectionery 
industry in order to develop chewy candies with great sensorial appeal and improved 
nutritional status. The color and flavor supplied by the fruit allowed the replacement 
of artificial additives (coloring and flavoring agents) commonly used in traditional 
confections. Another advantage found by using the fruit was having a chewy candy 
with good texture without using any other source of fat, except the one intrinsically 
present in açai. The sensory analysis indicated that the no-added sucrose açai 
chewy candy presented better results in relation to the containing-sucrose açai 
chewy candy, mostly for the flavor attribute and the purchase intent, showing that the 
polyols isomalt and erythritol had a good performance in replacing sugar from the 
formulation. It seems that the flavor was the attribute which had a greater impact on 
the purchase intent of the chewy candies. 
 
4. Conclusions 
 
This study showed that the use of polyols may open new opportunities to 
develop confectionery products with attractive texture and good acceptability. The 
inclusion of açai provided a natural color and peculiar taste to the chewy candies and 
allowed no use of vegetable fat. The polyols and the fruits are promising ingredients 
to the confectionery industry in order to obtain differentiated products with higher 
added value, fitting them in the context of health and natural options for consumers 
who wish to include candies in their diet. It is also important to mention that there is 
no need for investment or changes in routine manufacturing by the use of these 
ingredients. The no-added sucrose açai chewy candy presents great potential for 
consumption and good perspective of acceptability in the consumer market. 
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Summary 
This study investigated the effects of processing and storage on the physicochemical 
properties and retention of antioxidant compounds of no-added sucrose chewy 
candies (NASC) incorporated with differently processed açai (frozen pulp, spray-dried 
and freeze-dried powders). NASC containing freeze-dried açai had the highest 
softness and recoveries of total phenolic (TP) and total anthocyanin (TA) immediately 
after production. Colour parameters and antioxidant capacity by ABTS and ORAC 
assays had no significant differences after 6 months of NASC storage, except for 
ORAC in NASC containing spray-dried açai, whereas DPPH• in all samples 
significantly increased. Water activity and hardness also increased after storage, 
whereas TP and TA contents decreased, despite presenting good retentions (approx. 
72–78% TP and 84–99% TA). This study suggests açai has a great potential to be 
used as a natural pigment and antioxidant source in candy manufacturing, meeting 
consumption trends towards healthier products. 
 
Keywords 
Açai, anthocyanins, antioxidant activity, chewy candy, colour, phenolics, processing 
effects, storage. 
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Introduction 
 
The food industry has been challenged to find innovative strategies to 
meet the growing demand of consumers for nutritionally balanced, healthy, natural 
and additive-free products, while maintaining their indulgent features. According to 
Munawar and Jamil (2014), there is a strong preference for natural sources to 
provide colour in processed foods rather than synthetic ones, which are less 
preferred by consumers because of a variety of allergic reactions associated to their 
consumption, besides attention deficit hyperactivity disorder (ADHD) in children. 
Considering that most confectionery products are still coloured artificially in many 
countries, açai could be used as a natural alternative to red-violet colouring additives 
because of its anthocyanin profile. Red pitaya fruit and grape skin were already used 
to provide natural colour in confections, showing high application potentiality in the 
confectionery industry (Cappa et al., 2015; Hani et al., 2015). Paz et al. (2015) and 
Yamaguchi et al. (2015) reported that açai is a promising functional food ingredient 
and besides being a great source of pigments, it provides additional health benefits 
as enhanced nutritional and antioxidant profiles. 
Açai (Euterpe oleracea Mart.) is a Brazilian tropical fruit rich in phenolic 
compounds with many biological activities, mostly antioxidant (Yamaguchi et al., 
2015). The regular consumption of polyphenol-rich foods has been positively 
associated with beneficial health effects like prevention of numerous chronic and 
degenerative diseases because of their potential antioxidant capable of combating or 
preventing oxidative stress and consequent cellular damages caused by the 
excessive production of free radicals in the human organism (Chan et al., 2016; Lai 
et al., 2016). The total antioxidant capacity of a food may be evaluated through a 
large number of in vitro spectrophotometric methods using several free radical 
sources and involving different reaction mechanisms based on free radical 
scavenging capacity or reducing ability. The use of different chemical assays to 
measure the antioxidant capacity is recommended aiming to ensure more reliable 
responses (Nora et al., 2014; Paz et al., 2015; Chan et al., 2016). ABTS, DPPH• and 
ORAC are some of the most widely used methods to investigate the antioxidant 
capacity of food extracts (Haminiuk et al., 2012). 
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Currently, there is limited scientific information on the inclusion of açai in 
processed products submitted to high temperatures, particularly chewy candies, and 
there is no data regarding the impact of açai on the physicochemical properties, 
especially colour stability, and retention of bioactive compounds of confections from 
the conditions of processing and storage. Considering that bioactive compounds can 
be sensitive to manufacturing operations, Mongia (2014) emphasises the importance 
to monitor their retention levels from the raw material to the finished product. The aim 
of this study was to investigate the effects of processing and storage on the 
physicochemical properties and retention of antioxidant compounds of no-added 
sucrose chewy candies containing differently processed açai. 
 
Materials and methods 
 
Chemicals and standards 
The 2,2-diphenyl-1-picrylhydrazyl (DPPH•), 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox), 2,2‟-azino-bis(3-ethylbenz-thiazoline-
6-sulphonic acid) (ABTS), potassium persulphate, Folin-Ciocalteu phenol reagent, 
sodium carbonate, gallic acid, 2,2`-azobis (2-methylpropionamidine) dihydrochloride 
(AAPH) and fluorescein sodium salt were obtained from Sigma-Aldrich. All other 
chemical reagents were of analytical or HPLC grade. 
 
Materials 
No-added sucrose açai chewy candies (NASC) were formulated with 
maltitol syrup (Polyglobe® 1351; purity ≥ 50% (db); Ingredion, Mogi Guaçu, Brazil), 
isomalt powder (C*IsoMaltidex 16500; purity ≥ 98%; Cargill, Krefeld, Germany), 
erythritol powder (ZeroseTM Erythritol STD GRAN; purity ≥ 99.5%; Cargill, Blair, NE, 
USA) and açai (Euterpe oleracea Mart.). The types of açai added in the chewy 
candies were as follows: frozen açai pulp (FZ) purchased from De Marchi (Jundiaí, 
Brazil), freeze-dried açai powder (FD) donated by Liotécnica (Embu das Artes, Brazil) 
and spray-dried açai powder (SD) produced in a pilot spray-dryer (Gea Niro 
Atomizer, CB3104D, Soborg, Denmark) from a mixture of frozen açai pulp (FZ) (De 
Marchi) and maltodextrin 20DE (MOR-REX® 1920; Ingredion) according to the 
method described by Silva et al. (2016).  
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Physicochemical characterisation of açai 
Açai samples were characterised by moisture content according to an 
adaptation of the AOAC Official Method 934.06 and 920.151 (AOAC, 2012), 
determined in a vacuum oven (RVT360, Heraeus, Hanau, Germany) at 70 °C for 24 
h, in triplicate; water activity, determined after sample equilibrium at 25 ºC (AquaLab 
4TEV, Decagon Devices Inc., Pullman, WA, USA), in triplicate; total lipid content, 
determined by acid hydrolysis method (Zenebon et al., 2008), in triplicate; chromatic 
properties, quantified by instrumental measurement (CR 410, Konica Minolta, Inc., 
Osaka, Japan) in the CIELAB system (L*a*b* colour space), performed in ten 
replicates, whereas saturation (C*, chroma) and hue angle (h) were determined 
according to eqns (1) and (2), respectively (Minolta, 1998). 
 
C* = (a*2 + b*2)1/2                                                     (1) 
 
h = arctan (b*/a*)                                                     (2) 
 
Production of chewy candies  
The NASC formulation and manufacturing processes were based on Silva 
et al. (2016), with slight modifications. Briefly, the dissolution of isomalt (30%, w/w, 
db) and erythritol (30%, w/w, db) in water (ratio of 1:3, water/polyol powders) together 
with maltitol syrup (40%, w/w, db) occurred in a cooker with direct-flame heating 
under atmospheric condition and took approx. 15 min until the mass reaches 130 ºC 
(for a batch of 1.7 kg). The mass was transferred to an atmospheric batch cooker 
(Ecoline Staredition RE212, Lauda, Lauda-Königshofen, Germany) with heating by 
thermal oil (Xiameter® PMX-200, Dow Corning, Midland, MI, USA) and adapted 
stirring system (TE039/1, Tecnal, Piracicaba, Brazil) to be cooked up to 132 ºC. The 
mass took approx. 6 min to reach this temperature. The slow heating rate (0.3–0.4 ºC 
min-1) during cooking allowed an accurate control of the final temperature and, 
consequently, the standardisation of the residual moisture content of the mass to 6%, 
minimising variations among NASC. Then, the mass was cooled down to 45–50 ºC, 
pulled mechanically at 40 rpm for 20 min, formed, cut, individually wrapped 
(BOPP/BOPP metallised with water vapour permeability at 38 ºC/90% RH of 0.78 g 
water m-2 day-1) and stored for 6 months at room temperature (25 ± 2 ºC) and relative 
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humidity of 60%. Açai (5% of açai solid content, w/w) was added at different steps: 
FZ in the dissolution to evaporate excessive water from the pulp, resulting in greater 
heat exposure (21 min until the mass reaches 130 ºC); SD and FD in the cooling step 
to avoid their heat exposure. Isomalt (90 µm) (5%, w/w) was added in the cooling 
step as recommended by Sentko and Willibald-Ettle (2012), who reported the use of 
less than 10% (w/w) of seeding crystals as advantageous in reducing stickiness and 
increasing shape stability of sugar-free chewy candies. The quantities of both 
ingredients were calculated based on the chewy candy mass after the cooking step. 
 
Physicochemical characterisation of chewy candies 
No-added sucrose chewy candies samples were characterised at 0 and 6 
months of storage by water activity (aw) and chromatic attributes as described for the 
characterisation of açai; moisture content, determined by the Karl Fischer volumetric 
titration method (Titrando 901; Metrohm Pensalab, São Paulo, Brazil) (Bruttel & 
Schlink, 2003), in triplicate; instrumental texture for hardness parameter (TA.XT2i 
Texture Analyser; Stable Micro Systems Ltd., Godalming, UK) using a P/4 probe (4 
mm dia. cylinder), pretest and post-test speed of 2 mm s-1, test speed of 1 mm s-1, 
0.05 N trigger force and penetration distance of 4 mm (Silva et al., 2016), in ten 
replicates. 
 
Extraction methods of phenolic and anthocyanin compounds  
Açai and NASC extracts were prepared by using the solid-liquid extraction 
technique at 25 ºC, performed in triplicate for each sample. For the extraction of 
phenolic compounds, preliminary trials were performed according to the following 
methods: Kähkönen et al. (1999) by using acetone/water (70:30, v/v), Canuto et al. 
(2010) by using methanol/water (80:20, v/v), and Rufino et al. (2010) by using 
methanol/water (50:50, v/v) and acetone/water (70:30, v/v), in addition to adaptations 
(1, substitution of 1 h in orbital shaker for 1 min in Ultra Turrax®; 2, equal to 1 plus 
defatting pre-treatment). Adaptation 1 of Rufino et al. (2010) was used to obtain 
extracts for the determinations of TP and antioxidant capacity. For the extraction of 
anthocyanins, the method described by Teixeira et al. (2008) was followed to obtain 
extracts for the determination of TA, in which a solution containing ethanol/water 
(70:30, v/v) and HCl (pH 2.0) was used. 
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Determination of TP and TA  
The TP content of açai and NASC extracts was determined by the Folin-
Ciocalteu colorimetric method (Singleton & Rossi, 1965), in triplicate, measured 
spectrophotometrically (Cary 50, Varian Australia Pty Ltd., Mulgrave, Vic., Australia) 
at 750 nm. Results were expressed as gallic acid equivalents (GAE) in mg per 100 g. 
The TA content was determined from açai and NASC extracts by the pH differential 
method (Teixeira et al., 2008), in triplicate, measured spectrophotometrically (Cary 
50, Varian Australia Pty Ltd.) at 535 nm. Results were expressed in mg per 100 g, 
representing the mean values obtained in both pH 1.0 and 4.5. After the storage of 
NASC, the analyses were repeated. The retentions (or recoveries) of TP after the 
açai drying processes were calculated comparing the TP analytically found in the 
dried powders with an estimated one, which considered the TP and the açai solid 
content of the frozen pulp that originated the dried açai powders. Similarly, the 
retentions of TP obtained immediately after NASC production were calculated 
comparing the TP analytically found in NASC with an estimated one, which 
considered the TP and the açai solid content of the fruit ingredient used in NASC 
production. The storage retentions were calculated comparing the TP content found 
at 0 and 6 months. The same calculations were taken into account for obtaining the 
retentions of TA. 
 
Determination of in vitro total antioxidant capacities 
Antioxidant capacities (DPPH•, ABTS and ORAC) were determined for 
açai and NASC. The assays were repeated after the storage of NASC. 
The DPPH• (free radical scavenging capacity) assay was performed 
according to Brand-Williams et al. (1995), with modifications. It was based on DPPH• 
scavenging (61 µM in methanol), which expresses a percentage of inhibition by 
antioxidants, resulting in a decreased absorbance at 515 nm, measured 
spectrophotometrically (Cary 50, Varian Australia Pty Ltd.) after incubation in dark 
conditions for 1 h. Results were obtained in triplicate and expressed as µmol of 
Trolox equivalents (TE) per g.  
 The ABTS (free radical scavenging capacity) assay, also known as 
Trolox equivalent antioxidant capacity (TEAC), was performed as described by Re et 
al. (1999). It was based on the ability of antioxidants to scavenge the ABTS radical 
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cation (ABTS•+) produced by reacting 7 mM of ABTS solution with 2.45 mM of 
potassium persulfate. After 16 h in dark conditions (25 ºC), ABTS•+ absorbance was 
adjusted to 0.70 ± 0.02 using ethanol. The absorbance was measured 
spectrophotometrically (Cary 50, Varian Australia Pty Ltd.) at 750 nm after 10 min of 
incubation in dark conditions. Results were obtained in triplicate and expressed as 
µmol TE per g. 
The oxygen radical absorbance capacity (ORAC) assay toward peroxyl 
radical (AAPH) was measured through hydrophilic ORACFL assay with fluorescein 
(Dávalos et al., 2004). Fluorescence emission was monitored every 2 min up to 100 
min at 37 ºC using a 96-well microplate fluorometer (Fluostar Omega, BMG 
LABTECH GmbH). Excitation and emission wavelengths were 485 and 520 nm, 
respectively. Results were expressed as µmol TE per g, measured in five replicates 
for each extract.  
 
Statistical analyses 
To establish the statistical differences among means, the data were 
treated by one-way analysis of variance through the Tukey HSD test. Additionally, 
two-way analysis of variance was performed aiming to evaluate the impact of 
selected factors and their interactions. Pearson correlation coefficient between 
selected parameters was also calculated. The statistical software Statistica® 12 
(StatSoft Inc., 2012) was used considering a 95% confidence level for all analyses. 
 
Results and discussion 
 
Physicochemical characterisation of açai and chewy candies 
 
The physicochemical properties of the açai samples are shown in Table 1. 
The SD and FD were originated from different FZ types (FZ-1 and FZ-2, 
respectively). The FD, SD and FZ-2 presented vivid colour with a reddish-purple hue, 
while FZ-1 appeared dull with a blue hue. The a* values were well correlated with 
anthocyanins (r = 0.84, P < 0.05, n = 10), indicating that the higher the TA, the more 
intense the red colour is, resulting in the following rankings for both a* and TA values 
(Tables 1 and 2, respectively): FD>SD>FZ-2>FZ-1. 
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Table 1 Physicochemical characterisation of açai 
Analysis FZ-1 FZ-2 SD FD 
Moisture content 
(g per 100 g) 
 89.02 ± 0.01
a 
82.60 ± 1.61
b
    2.13 ± 0.06
c
   3.25 ± 0.01
c
 
Açai solid content 
(g per 100 g)
  10.98 ± 0.01
d
 17.40 ± 1.61
c
 47.49*
 
± 0.03
b
 96.75 ± 0.01
a
 
Water activity  1.002 ± 0.001
a
 1.000 ± 0.001
a
   0.274 ± 0.014
c
 0.448 ± 0.004
b
 
Total lipid content 
(g per 100 g, db) 
   34.8 ± 0.6   51.8 ± 2.0    32.6
†
 ± 0.8   54.6 ± 0.8 
Colour parameters     
L* (lightness)  25.71 ± 0.32
a,b
 27.89 ± 1.54
a
   23.40 ± 0.82
a,b
 19.43 ± 0.41
b
 
a* (green to red)    1.23 ± 0.07
b
   8.61 ± 0.44
a
     9.98 ± 0.36
a
 10.63 ± 0.30
a
 
b* (blue to yellow)   -1.23 ± 0.09
b
   1.70 ± 0.12
a
     2.18 ± 0.23
a
  -0.27 ± 0.07
b
 
C* (chroma)    1.74 ± 0.04
b
   8.77 ± 0.91
a
   10.22 ± 0.77
a
 10.63 ± 0.53
a
 
h (hue angle) -44.78 ± 8.07
b
 11.11 ± 0.67
a
   12.27 ± 1.50
a
  -1.48 ± 0.84
a
 
FZ-1, frozen açai pulp used to produce SD; FZ-2, frozen açai pulp used to produce FD; SD, spray-dried açai 
powder; FD, freeze-dried açai powder. Values followed by different letters in the same row are significantly 
different (P < 0.05) according to Tukey‟s test. 
*The açai solid content of SD had maltodextrin content (50.38 g per 100 g) ignored. 
†
The total lipid content of SD is from the açai fraction. 
 
 
Table 2 Total phenolic, total anthocyanin and antioxidant activities of açai based on fresh 
matter 
Analysis FZ-1 FZ-2 SD FD 
Total phenolic 
(mg GAE per 100 g) 
537.79 ± 6.14
c 
480.34 ± 27.07
c
 1936.81 ± 31.13
b
 2669.88 ± 46.46
a
 
Total anthocyanin 
(mg per 100 g) 
  62.58 ± 0.31
d
 135.15 ± 1.62
c
   274.21 ± 19.58
b
   713.14 ± 7.12
a
 
DPPH
•
 (µmol TE per g)     8.27 ± 0.40
c
     6.85 ± 0.16
c
     32.01 ± 2.73
b
     54.99 ± 0.80
a
 
ABTS (µmol TE per g)   34.39 ± 2.94
c
   14.00 ± 0.26
d
   189.86 ± 10.39
a
   162.74 ± 5.31
b
 
ORAC (µmol TE per g) 173.54 ± 9.19
c
 128.85 ± 9.79
c
   604.64 ± 23.14
b
 1254.98 ± 87.51
a
 
FZ-1, frozen açai pulp used to produce SD; FZ-2, frozen açai pulp used to produce FD; SD, spray-dried açai 
powder; FD, freeze-dried açai powder. Values followed by different letters in the same row are significantly 
different (P < 0.05) according to Tukey‟s test. 
 
Table 3 presents the characterisation of NASC at 0 and 6 months of 
storage, besides the effects of the type of açai ingredient added in NASC, the period 
of storage, and these factors‟ interaction on the responses. Moisture content showed 
no significant difference (P < 0.05) after storage. In general, NASC aw ranged from 
0.47 to 0.51, showing similar results to those reported by Ergun et al. (2010) (0.45–
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0.60). The increased aw values after NASC storage probably happened because of a 
crystallisation process (Ergun et al., 2010), in which a decrease in the concentration 
of dissolved solids from the liquid phase occurs (Silva et al., 2016). The NASC 
presented intermediate results of hardness (90.50–101.45 N for NASC-FD and 
127.08–156.70 N for NASC-FZ and NASC-SD) in comparison with sugared chewy 
candies containing 5% (50.14 N) and 10% (192.11 N) of spray-dried strawberry 
(Fadini et al., 2003). The NASC-FD had the highest softness compared to the other 
NASC probably due to the highest lipid content of FD (54.6 g per 100 g, db) 
compared to SD and FZ-1 (32.6–34.8 g per 100 g, db) (Table 1). Regarding the 
chromatic characterisation, açai type and storage period showed significant effect on 
the evaluated parameters as shown by two-way ANOVA (Table 3), except the açai 
type on lightness, and no interaction between factors was observed at P < 0.05. As 
indicated by the comparison of means test, colour parameters did not differ 
statistically at P < 0.05 after NASC storage, showing good colour stability. The only 
differences found among samples were coordinate b* and colour saturation (C*), with 
NASC-FZ going in the yellowish direction (+b*) and presenting a more intense vivid 
colour. High L* values indicate all samples were bright. 
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Table 3 Characterisation of no-added sucrose açai chewy candies containing differently processed açai during storage 
Sample 
Moisture content 
(g per 100 g) 
Water 
activity 
Hardness 
(N) 
Colour parameters 
L* 
(lightness) 
a* 
(green to red) 
b* 
(blue to yellow) 
C* 
(chroma) 
h 
(hue angle) 
NASC-FZ t0 6.11 ± 0.41
a
 0.49 ± 0.00
c
 130.39 ± 5.33
b
 71.87 ± 1.10
a
 -2.60 ± 0.13
a,b
 10.54 ± 0.26
a,b
 10.86 ± 0.31
a
 -76.15 ± 1.37
a,b,c
 
 t6 6.03 ± 0.19
a
 0.50 ± 0.00
a,b
 156.59 ± 4.79
a
 69.62 ± 0.58
a
 -1.88 ± 0.20
a
 11.07 ± 0.25
a
 11.23 ± 0.29
a
 -80.33 ± 1.72
c
 
NASC-SD t0 5.98 ± 0.14
a
 0.47 ± 0.00
d
 127.08 ± 5.67
b
 71.85 ± 0.72
a
 -3.45 ± 0.22
b
 8.66 ± 0.18
c,d
 9.33 ± 0.12
b,c
 -68.26 ± 2.36
a
 
 t6 5.90 ± 0.17
a
 0.50 ± 0.01
b,c
 156.70 ± 5.85
a
 69.36 ± 0.89
a
 -2.45 ± 0.13
a,b
 9.48 ± 0.21
b,c
 9.79 ± 0.24
b
 -75.49 ± 1.48
a,b,c
 
NASC-FD t0 6.00 ± 0.13
a
 0.49 ± 0.00
c
 90.50 ± 4.26
d
 70.03 ± 0.77
a
 -2.73 ± 0.32
a,b
 7.73 ± 0.23
d
 8.20 ± 0.15
d
 -70.50 ± 3.72
a,b
 
 t6 6.12 ± 0.17
a
 0.51 ± 0.00
a
 101.45 ± 7.33
c
 67.84 ± 0.55
a
 -1.76 ± 0.20
a
 8.39 ± 0.13
c,d
 8.58 ± 0.12
c,d
 -78.14 ± 2.10
b,c
 
Two-way ANOVA - F     
   
 
Factor I (açai type) 0.6* 49.0 461.1 3.2* 7.6 85.1 143.4 8.0 
Factor II (storage period) 0.0* 59.7 235.3 12.8 27.4 14.9 9.9 23.5 
Factor I x Factor II 0.4* 62.2 15.7 0.02* 0.3* 0.2* 0.1* 0.7* 
NASC-FZ, chewy candies produced with frozen açai pulp (FZ-1); NASC-SD, chewy candies produced with spray-dried açai powder; NASC-FD, chewy candies produced with 
freeze-dried açai powder; t0, 0-month storage; t6, 6-month storage at 25 ºC/60% RH. Values followed by different letters in the same column are significantly different (P < 
0.05) according to Tukey‟s test. 
*Not significant at the 0.05 level of confidence. 
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Selection of the extraction method of phenolic compounds 
The TP content found in the freeze-dried açai using the extraction method 
of Rufino et al. (2010) and adaptations 1 and 2 (3247.53–3343.14 mg GAE per 100 
g) presented no significant difference (P < 0.05) among them and showed the highest 
results compared with the use of Kähkönen et al. (1999) (3073.57 mg GAE per 100 
g) and Canuto et al. (2010) (2446.81 mg GAE per 100 g) methods. The removal of 
nonpolar compounds (lipids) from açai (adaptation 2) did not affect the TP results, 
thus indicating that the defatting process was unnecessary. As adaptation 1 provided 
a faster analysis compared to the original method, it was selected to obtain extracts 
for further TP and antioxidant capacity assays. 
The batch of the freeze-dried açai used in the selection of the extraction 
method was different from the one which was added in NASC, thus explaining the 
variation in the TP results found in the selection stage (3343.14 mg GAE per 100 g) 
and in the characterisation of the FD used in NASC production (2269.88 mg GAE per 
100 g, Table 2). 
 
TP, TA and antioxidant capacity in açai 
The TP, TA and antioxidant capacity in açai samples are shown in Table 
2. The FZ-2 and FZ-1 presented higher TP (480.34–537.79 mg GAE per 100 g) than 
the one found by Hassimotto et al. (2005) (328 mg GAE per 100 g). Deducting the 
carrier agent content from SD and converting the result into dry basis (4078 mg GAE 
per 100 g), a great difference in TP was observed in relation to the value shown by 
Tonon et al. (2009) (13542 mg GAE per 100 g, db). Converting the result of TP from 
FD into dry basis (2760 mg GAE per 100 g), this study presented lower TP compared 
to Kang et al. (2012) (3120 mg GAE per 100 g, db) and Rufino et al. (2010) (3268 mg 
GAE per 100 g, db). However, FD presented higher TP in comparison to Paz et al. 
(2015) (1808 mg GAE per 100 g, db). Regarding anthocyanins, Pacheco-Palencia et 
al. (2009) found higher TA (205.6 mg per 100 g) for açai pulp than FZ-1 and FZ-2 
(62.58–135.15 mg per 100 g), whereas Rufino et al. (2010) reported a TA value (111 
mg per 100 g) close to FZ-2 (135.15 mg per 100 g). Tonon et al. (2010) reported a 
notably greater TA (3402.30 mg per 100 g açai juice, db) for spray-dried açai than 
the one shown in the present study (577 mg per 100 g, result considering the açai 
juice dried matter). 
Capítulo 3   82 
 
  
The dehydration techniques led to the concentration of TP and TA levels 
in the resulting powders and also to an increase in the antioxidant activities 
compared to the frozen pulps, which considerably varied among the samples 
according to the assay (DPPH•: 6.85–54.99 µmol TE per g; ABTS: 14.00–189.86 
µmol TE per g; ORAC: 128.85–1254.98 µmol TE per g). The ORAC values were 
higher than those obtained from other chemical methods, as it combines time and 
degree inhibitions, besides resulting in a free radical completed action (Haminiuk et 
al., 2012). For freeze-dried açai, Kang et al. (2012) found 985.9 µmol TE per g (db) 
by the ORAC method (hydrophilic fraction), Cohen et al. (2009) found 232.76 µmol 
TE per g by the ABTS method and Paz et al. (2015) found 15.74 µmol TE per g (db) 
by the DPPH method. In this study, the antioxidant capacities of FD were 1297 µmol 
TE per g (converted into dry basis), 162.74 µmol TE per g and 56.84 µmol TE per g 
(converted into dry basis) by the ORAC, ABTS and DPPH• methods, respectively. 
For spray-dried açai, Tonon et al. (2009) verified an antioxidant capacity by the 
ORAC method of 2390.46 µmol TE per g of juice dried matter from a sample 
produced with maltodextrin 20DE, whereas in this study SD reached 1273 µmol TE 
per g (result considering açai juice, db). 
Discrepancies among results obtained in this study compared to the 
literature were expected and may be assigned to different intrinsic features of the 
fruits/physiological factors, cultivated area and agronomic interferences from which 
they were originated (Paz et al., 2015), besides differences in the processing/storage 
conditions and methodologies used. 
Antioxidant capacity by the three assays and TP were highly correlated 
positively (0.96 ≤ r ≤ 0.99, P < 0.05). A strong linear correlation was also observed 
among the antioxidant capacity assays (0.88 ≤ r ≤ 0.99, P < 0.05), showing the açai 
extracts were capable of scavenging free radicals in different reaction mechanisms. 
The linear relationship among all these assays is in agreement with other studies 
(Harakotr et al., 2014; Chan et al., 2016). Rufino et al. (2010) attributed stronger 
antioxidant capacity in fruits to a higher TP level, which indicates the phenolic 
compounds are greatly responsible for the antioxidant effects of the extracts. 
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TP, TA and antioxidant capacity in chewy candies 
The results of two-way ANOVA (Table 4) indicated that the type of açai 
added in NASC and the storage period significantly influenced TP and TA content of 
the samples at P < 0.05. The interaction term between açai type and storage period 
was statistically significant only for TA parameter. TP and TA levels of the chewy 
candies decreased significantly (P < 0.05) after their storage, except for NASC-FZ, 
where TA content remained constant, with 99.21% of retention of anthocyanins (Fig. 
1b). It probably occurred because more labile anthocyanin compounds were lost 
(51.47%, Fig. 1b) during cooking step. During NASC storage, certain groups of 
nonanthocyanin polyphenolic cofactors naturally occurring in açai may have 
conferred additional stability to the remaining anthocyanins by the intermolecular co-
pigmentation reactions among these compounds (Pacheco-Palencia & Talcott, 
2010). Although NASC-FD presented the lowest TP content compared to the other 
samples, it showed the greatest results for TA and had the highest recovery of 
bioactive compounds (TP and TA) (Fig. 1a, b), thus indicating the best performance 
in using freeze-dried açai to retain those compounds in the chewy candy immediately 
after its manufacturing. Cappa et al. (2015) reported that changes in phenolic 
compounds during processing had no impact on the antioxidant capacity of fruit 
candy enriched with red grape skin. In the present study, the antioxidant activities of 
NASC remained stable after their storage (Table 4), except for DPPH• in all samples 
and ORAC in NASC-SD, which revealed significant increased results. The storage 
period was the most pronounced factor which impacted DPPH•, whereas the type of 
açai added in NASC was the factor which most influenced ABTS and ORAC. 
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Table 4 Total phenolic, total anthocyanin and antioxidant activities of no-added sucrose açai chewy candies during storage 
Sample 
Total phenolic (mg 
GAE per 100 g) 
Total anthocyanin 
(mg per 100 g) 
DPPH
•
 (µmol 
TE per g) 
ABTS (µmol 
TE per g) 
ORAC (µmol 
TE per g) 
NASC-FZ       
t0  252.65 ± 15.72
a
 13.28 ± 0.23
e
 3.83 ± 0.02
d,e
 8.69 ± 0.69
b
 65.79 ± 2.20
a,b
 
t6  191.19 ± 7.92
b
 13.17 ± 0.20
e
 4.97 ± 0.57
b,c
 9.20 ± 0.24
a,b
 66.27 ± 0.52
a,b
 
NASC-SD       
t0  250.89 ± 5.62
a
 19.41 ± 0.19
c
 2.98 ± 0.37
e
 10.11 ± 0.82
a
 63.30 ± 0.93
b
 
t6  195.81 ± 6.28
b
 16.32 ± 0.28
d
 6.85 ± 0.33
a
 9.25 ± 0.56
a,b
 66.65 ± 0.91
a
 
NASC-FD       
t0  204.25 ± 8.40
b
 27.75 ± 0.37
a
 4.10 ± 0.16
c,d
 8.63 ± 0.16
b
 44.07 ± 0.97
c
 
t6  146.29 ± 3.46
c
 23.73 ± 0.01
b
 5.44 ± 0.37
b
 8.51 ± 0.21
b
 43.07 ± 1.00
c
 
Two-way ANOVA – F      
Factor I (açai type)   58.1 4163.2     3.5* 7.2 660.5 
Factor II (storage period) 197.1   451.3 165.0 0.4*     2.8* 
Factor I x Factor II     0.2*   108.8   28.3 2.7*     5.0 
NASC-FZ, chewy candies produced with frozen açai pulp (FZ-1); NASC-SD, chewy candies produced with spray-dried açai powder; NASC-FD, chewy 
candies produced with freeze-dried açai powder; t0, 0-month storage; t6, 6-month storage at 25 ºC/60% RH. Values followed by different letters in the 
same column are significantly different (P < 0.05) according to Tukey‟s test. 
*Not significant at the 0.05 level of confidence. 
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     (a)                (b) 
Figure 1 Recovery of total phenolic (a) and total anthocyanin (b) after drying processes of açai, production and storage of chewy candies 
[NASC, no-added sucrose açai chewy candies; FZ, frozen açai pulp; SD, spray-dried açai powder; FD, freeze-dried açai powder; bars represent 
the standard deviations (n = 3); different letters within the same column group indicate significant differences (P < 0.05)]. 
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Effects of processing and storage on the retentions of TP and TA 
The effects of processing of the FZ subjected to spray-drying and freeze-
drying techniques and also the manufacturing and storage of NASC on the retention 
of bioactive compounds (TP and TA) are presented in Fig. 1a, b. 
A significant and positive correlation (r = 0.97, P < 0.05, n = 10) was 
observed between TP and TA contents. According to Fig. 1a, the açai drying 
processes showed good percentages of recovery of TP (83.27–99.96%), in which the 
freeze-drying technique did not cause any significant change in TP compared to the 
original TP level found in FZ, while a loss of TP of 16.73% was observed after the 
açai spray-drying. Greater performance regarding the retention of TP after the açai 
freeze-drying was expected as this technique is well known to provide high-quality 
dried products because of the nutrients preservation. Regarding the açai spray-
drying, the temperature used in the process (inlet/outlet air temperatures of 170/80 
ºC, respectively) may have contributed to the partial degradation of the phenolic 
compounds. Nora et al. (2014) reported that drying and freeze-drying treatments may 
decrease or even increase the content of bioactive compounds. The decrease in this 
compounds level may be due to several factors such as heat, oxygen and light 
exposure, physicochemical parameters influence (i.e. pH, moisture) and degradative 
enzymatic reactions, whereas their increase may be related to the loss of cellular 
integrity by the effects of heating (in drying process) or freezing followed by ice 
sublimation (in freeze-drying process), and a consequent contribution to the better 
extraction of the bioactive compounds (Wu et al., 2010). 
Considering the production of NASC, samples presented recoveries of TP 
ranging from 107.24 to 153.88% (Fig. 1a). Probably, such results were a 
consequence of the hydrolysis of conjugated polyphenols in açai during the 
production of NASC. Haminiuk et al. (2012) reported that processing affects the 
content of phenolic compounds and may result in the loss or enrichment of some 
polyphenols. Harakotr et al. (2014) observed thermal treatment does not always 
imply in bioactive compound destruction and suggested cooking may lead to the 
forming of novel compounds and the improvement of antioxidant properties. They 
also related the increase in the level of these compounds to their better extractability 
or release from the food matrix after exposure to heat. The lower recovery of TP 
presented by NASC-FZ compared with the other chewy candies was expected and 
Capítulo 3   87 
 
  
could be explained by simultaneous occurrences: partial heating degradation of 
phenolic compounds once they were subjected to more severe treatment (addition of 
açai in the cooking step) and release of compounds from the bound fraction followed 
by their interaction with macromolecules of the matrix. 
Concerning the storage of NASC, recoveries of TP varied between 71.62 
and 78.05% (Fig. 1a). As polyphenols are the major cofactors in açai and considering 
anthocyanin intermolecular copigmentation reactions (Pacheco-Palencia & Talcott, 
2010), a decrease in TP was expected after the storage period, although this 
positively influenced the anthocyanin stability (recoveries of TA from 84.08 to 
99.21%, Fig. 1b). 
According to Fig. 1b, recoveries of TA were above 94.89% in açai drying 
processes and were within the range of 48.53–78.42% and 84.08–99.21% in the 
production and storage of NASC, respectively. 
Tonon et al. (2008) found an anthocyanin retention of 84.06% after the 
açai spray-drying process at inlet/outlet air temperatures of 170/99 ºC and using 
maltodextrin 10DE (30 g per 100 g) as a carrier agent. In this study, the great 
retention of TA (101.30%, Fig. 1b) may be attributed to the effect of the maltodextrin 
concentration (50.38 g per 100 g) and its dextrose equivalent (20DE). Ersus & 
Yurdagel (2007) confirmed that, in black carrot spray-drying at 160 ºC, maltodextrin 
20DE conferred a higher pigment (anthocyanins) retention compared to the use of 
maltodextrins 10 and 30DE. Tonon et al. (2010) reported that spray-drying of açai 
juice with carrier agents of high molecular weight may provide good anthocyanin 
retention and increase the glass transition temperature of the resulting powder, 
avoiding structural changes, which could lead to nutritional and quality losses. 
Anthocyanins may also be protected against degradation during spray-drying 
because of the agglomeration of powders caused by their higher moisture content 
when lower inlet air temperatures are used, reducing exposure to oxygen (Tonon et 
al., 2008). Powders with higher water activity may imply in higher molecular mobility 
inside the food, which allows easier oxygen diffusion and, consequently, increases 
the anthocyanin degradation rate due to the occurrence of oxidation reactions (Tonon 
et al., 2010). The low aw value of SD (< 0.3, Table 1) was very positive for its stability. 
A great retention of TA (94.89%) in açai after employing the freeze-drying technique 
was also observed and probably happened because of the low temperature and 
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vacuum inherent to the process, protecting the compounds from oxidation. In 
general, spray-drying and freeze-drying were efficient techniques to preserve açai. 
The production of NASC considerably influenced the retentions of TA (Fig. 
1b). The NASC-FZ presented the lowest percentage of recovery of TA, showing a 
negative effect on the stability of anthocyanins (51.47% of degradation) mainly 
because of the longer cooking time at high temperature (27 min until the mass 
reaches 132 ºC). Cappa et al. (2015) found a lower recovery of anthocyanins due to 
fruit candy manufacturing, in which degradation by about 80% occurred mainly during 
the concentration step (95–100 ºC per 40 min). Patras et al. (2010) reported that the 
degradation of anthocyanins follows a logarithmic course according to an arithmetic 
increase in temperature. The NASC-FD and NASC-SD had a recovery of TA of 
73.09–78.42%, being less affected by heat exposure as the açai powders were 
added in the cooling step when the mass was at approximately 80 ºC, being quickly 
reduced to 45–50 ºC. Therefore, the results showed the addition of açai powders in 
the cooling step resulted in better preservation of anthocyanins. The losses of TA in 
the NASC may be attributed not only to thermal degradation, but also to oxygen 
incorporation into the mass during the pulling step and to the vulnerability of 
anthocyanin to light during manufacturing. Anthocyanins were more susceptible to 
degradation by the production of NASC than by the period of storage. 
Focusing mainly on the stability of colour and retention of bioactive 
compounds after the conditions of processing applied to both fruit ingredients and 
finished products, this study showed the selection of the type of processed fruit as an 
ingredient in confectionery application is an essential step to be considered by 
manufacturers. Mongia (2014) also reported other important criteria for fruit 
ingredient selection, such as its easy incorporation, preservation of flavour and 
nutritional benefits of the fruit close to its natural form, delivery of the desired sensory 
experience, variation of fruit content, compatibility of the water activity between the 
processed fruit and the product it will be incorporated into aiming to minimize 
interactions, fruit stability in terms of specific requirements of the storage system and 
cost. Despite freeze-dried açai having shown better performance in the retention of 
bioactive compounds from its inclusion in the production of chewy candy, in general, 
all the processed açai tested presented satisfactory physicochemical properties, 
TP/TA retentions and antioxidant activities. 
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Conclusion 
 
This study reported that all the processed açai (frozen pulp, spray-dried 
and freeze-dried powders) incorporated into chewy candies showed a positive 
performance on the physicochemical behaviour and retention of bioactive 
compounds by the effects of processing and storage of the products. No changes in 
the manufacturing process of chewy candy were needed by the use of açai 
ingredient. Chewy candies presented a stable colour after 6 months of storage, 
proper texture, moisture content and aw, great retention/stability of total phenolic and 
anthocyanin content, besides antioxidant capacity according to the methodologies 
used. Among the chewy candies, the one containing freeze-dried açai showed higher 
softness and retentions of phenolic and anthocyanin compounds immediately after its 
production compared to those added by spray-dried and frozen açai pulp. 
Anthocyanins in chewy candies were more susceptible to degradation during the 
processing than during the storage and also more susceptible to degradation in the 
cooking step than in the cooling step. Açai pulp and powders can be exposed under 
high temperature in industrial application providing a satisfactory colour to the 
product and retaining considerable bioactive compound levels. They possess great 
potential to be used as an ingredient source of natural pigments and antioxidants 
resulting in a product meeting global consumption trends towards healthier and 
natural purposes. 
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Abstract 
BACKGROUND: The sugar confectionery industry has been challenged to innovate 
in healthier alternatives, but still indulgent, in order to maintain consumers‟ interest in 
their products. The replacement of sugars by bulk sweeteners and the inclusion of 
fruit are covered in this study, which aimed to determine the effect of crystallizable 
(isomalt and erythritol) and non-crystallizable (maltitol syrup) polyols on textural 
(hardness and adhesiveness) and water activity properties of chewy candies 
containing freeze-dried and spray-dried açai (Euterpe oleracea Mart.). 
RESULTS: The ratio of crystallizable solids containing higher erythritol content than 
isomalt led to higher water activity and lower adhesiveness and hardness results, as 
well as good shape stability to the samples. Maltitol syrup had no statistical effect on 
hardness within the ranges of the studied variables, and showed a tendency to 
increase adhesiveness and decrease water activity depending on the ratio of 
isomalte/erythritol. Freeze-dried açai provided softer chewy candies than spray-dried 
açai. 
CONCLUSION: The combination of isomalt/erythritol/maltitol syrup in chewy candies 
was explored and brings important information to the manufacturers interested in 
developing a proper formulation of sugar-free chewy candies containing fruit and with 
no added vegetable fat, color or aroma additives in order to meet consumers‟ 
expectations regarding textural properties. 
 
Keywords: chewy candy; polyol; açai; hardness; adhesiveness; sensory evaluation. 
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1. Introduction 
 
The global sugar confectionery market represented sales of USD 56 billion 
and 7.3 million tons in 2015, with 27% of them corresponding to the chewy candies 
subcategory, together with pastilles, gums and jellies.1 Chewy candies are popular 
confectionery products worldwide and, especially in the United States, they are the 
preferred form of indulgence, with a current outstanding performance across all of 
confectionery,2 showing their international commercial importance to the category. 
Furthermore, consumer preferences for products with a soft, chewy mouthfeel over 
harder varieties contribute to making chewy candies as one of the most popular 
confection in Germany.3 
However, the prospects for annual growth rate in sales value and volume 
for this subcategory are 3.6 and 1.8% (United States), 2.7 and 1.4% (Germany), 2.3 
and 1.0% (Brazil), and 0.2 and 0% (United Kingdom), respectively, until 2020.2-5 The 
main factor contributing to the market stagnation or the very low annual growth for 
these products may be attributed to consumers concerns regarding sugar intake and 
health (rising diabetes and obesity rates).2-5 Moreover, a strong competition from 
other snack options,2,3,5 the increased production costs (e.g. in Brazil, where tough 
economic conditions resulted in high inflation rates, local currency depreciation 
against the US dollar, high water and electricity tariffs),5 concerns regarding oral 
health,4 and/or the high levels of maturity in the category (e.g. in Germany, where the 
category is mature and well developed)3 also contribute to place limits on higher 
sales growth. 
Given this scenario, value-added innovations and dynamism are extremely 
important to overcome such obstacles. Considering consumers increasingly demand 
for healthier alternatives within sugar confectionery2,3 and the negative consumer 
perception of sugar,2-5 sugar-free products have been recorded stronger growth than 
sugar-based confectioneries. According to Winther,6 45% of British consumers 
(sweets eaters) consider sweets without added refined sugar as “better for you”. 
Furthermore, confections made from natural ingredients considering fruit inclusion 
are also on trend.7 When pastilles, gums, jellies and chews subcategory is 
considered, 32% of global launches last year had natural, minus or functional 
claims.8 
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Traditional sugar-based chewy candies in their most basic form are 
supersaturated sugar/glucose solutions in which partial crystallization is required,9 
varying from approximately 5 to 10%, with great impact on both appearance and 
textural properties.10 Other ingredients are usually incorporated into chewy candies 
composition such as fat, textural agents, and additives.11 
Texture is one of the most important features which influences the overall 
food quality, determining the success or failure of a product by impacting directly on 
consumers acceptance or preference.12-15 The perception of texture involves 
mechanical, geometrical, and moisture properties which may be perceived through 
vision, hearing, touch, and kinesthetic senses,13,16 and might also be affected by oral 
processes of consumption such as motility, saliva production and temperature, 
changing the physicochemical structure and the sensory perception as chewing 
occurs.14 Instrumental measurements of texture are reproducible and may be 
performed easily and quickly,17 whereas sensory analysis is time consuming and 
require a suitable set of subjects available,12,16 and depending on the product, 
frequent and repetitive evaluations cannot be sustained.16 
Different textures can be obtained in confections depending on the 
crystallization properties of the crystallizable components of the formula and their 
balance with the non-crystallizing continuous phase,18 besides the residual moisture 
content, water activity,15 and the presence of other ingredients such as textural 
agents and fat.19 In sugar-free formulations, the physicochemical properties of the 
sucrose and glucose syrup can be replaced by the use of polyols powdered and 
maltitol syrup or hydrogenated starch hydrolysate, respectively,18 in a suitable blend 
capable of producing sugar-free chewy candies close to standard products in taste 
and texture attributes. Those products containing tooth-friendly sweeteners such as 
xylitol, erythritol, or other polyols have potential to attract the interest of consumers.5 
Given that the interaction among polyols may be manipulated to control the desired 
texture characteristics of confections, a better understanding of how polyols ratio 
affects texture may be helpful in meeting consumers‟ expectations and aiding 
industry interests to select more precisely a proper formulation for the final product. 
Furthermore, the applying of the tropical Brazilian açai fruit (Euterpe 
oleracea Mart.) in confectionery candies may bring some advantages to the final 
product by providing natural color and characteristic flavor without the use of coloring 
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and flavoring agents, in addition to improve their nutritional profile,19 mainly due to its 
high concentration of bioactive compounds with possible beneficial effects on human 
health.20,21 
Thus, the objective of this study was to evaluate the effect of crystallizable 
(isomalt and erythritol) and non-crystallizable (maltitol syrup) polyols over a specified 
range of composition on textural properties (hardness and adhesiveness) of chewy 
candy confections incorporated with freeze-dried and spray-dried açai (Euterpe 
oleracea Mart.). Additionally, the water activity was also investigated because it may 
indicate changes in texture (graining), as well as the equilibrium in moisture between 
confection and atmosphere. 
 
2. Materials and Methods 
 
2.1. Materials 
  
The following ingredients were used in the production of chewy candies: 
isomalt ST powder (C*IsoMaltidex 16500, purity ≥ 98%, 1:1 of GPS / GPM ratio (6-O-
α-D-glucopyranosyl-D-sorbitol / 1-O-α-D-glucopyranosyl-D-mannitol dehydrate), 
Cargill, Krefeld, Germany), erythritol powder (ZeroseTM Erythritol STD GRAN, purity ≥ 
99.5%, Cargill, Blair, USA), maltitol syrup (Polyglobe® 1351, purity ≥ 50% (db), 
Ingredion, Mogi Guaçu, Brazil), and freeze-dried açai powder (Liofruit 100, 
Liotécnica, Embu das Artes, Brazil) or spray-dried açai powder obtained through the 
drying of frozen açai pulp (De Marchi, Jundiaí, Brazil) and maltodextrin 20 DE (MOR-
REX® 1920, Ingredion, Mogi Guaçu, Brazil) using a pilot spray dryer (Gea Niro 
Atomizer, CB3104D, Soborg, Denmark) and operating process parameters as 
reported by Silva et al.19 
 
2.2. Production process of chewy candies 
 
The production of the experiments followed the methodology and process 
conditions of chewy candies manufacturing described by Silva et al.21 (Fig. 1). Briefly, 
a mixture of isomalt, erythritol, maltitol syrup and water was first heated to 130 ºC 
(approximate average heating rate of 7 ºC min-1) in a cooker with direct-flame heating 
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under atmospheric condition aiming to accelerate cooking process. Then, the mass 
was transferred to an atmospheric batch cooker (Ecoline Staredition RE212, Lauda, 
Lauda-Königshofen, Germany) with heating by thermal oil (Xiameter® PMX-200, Dow 
Corning, Midland, USA) and adapted stirring system (TE039/1, Tecnal, Piracicaba, 
Brazil) with agitation rate of 90 rpm in order to reach the final cooking temperature of 
132 ºC (heating rate of 0.3-0.4 ºC min-1) and more precisely achieve the target 
moisture content of approx. 60 g kg-1. The mass was cooled down to 45-50 ºC, 
seeded with isomalt powder (granulometry inferior to 90 µm) in order to accelerate 
graining (crystallization) to the required level, and incorporated with açai powder 
(freeze-dried or spray-dried). After that, the cool mass was pulled mechanically for 20 
min at 40 rpm, formed, cut, individually packed (BOPP/BOPP metallized), and then 
stored for 10 days at 25 ± 2 ºC and 60% of relative humidity before being analyzed. 
 
 
Figure 1. Flowchart of açai chewy candy production. Abbreviations: FD, freeze-dried açai 
powder; SD, spray-dried açai powder; CFD, chewy candy containing freeze-dried açai; CSD, 
chewy candy containing spray-dried açai. 
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2.3. Statistical design and data analysis 
 
Experimental designs based on statistical principles have been well 
documented to be efficient methodologies for solving challenges of development or 
improvement of products and processes where the responses may be influenced by 
different variables.22 In this study, the central composite rotatable design (CCRD) 
was adopted to determine the influence of two independent variables, 
isomalt/erythritol ratio (ISO/ERY, x1) and maltitol syrup concentration (MAS, x2) on 
the instrumental texture for hardness parameter (Y1), sensory texture for hardness 
(Y2) and for adhesiveness (Y3) parameters, and water activity (aw) (Y4) of chewy 
candies containing freeze-dried (CFD) and spray-dried (CSD) açai powders. 
The experimental designs consisted of 11 trials, considering a full factorial 
22 plus 4 trials in the axial conditions and 3 repetitions of the central point, which 
were included in order to estimate the pure error of the analysis and predict the lack 
of fit of the model.22 The variables levels were chosen based on Silva et al.18 and 
also on preliminary studies. 
The coded and experimental values of the independent variables, the 
formulations (concentrations of the polyols ISO, ERY and MAS), and the ratio of non-
crystallizable/crystallizable solids (NC/C) of the chewy candies varied according to 
the trial of the experimental design as indicated in Table 1. Given that the sum of 
isomalt, erythritol and maltitol syrup content is equal to 1000 g on a dry basis (db), 
the total amount of the blend of isomalt and erythritol is the difference of MAS 
concentration to complete 1000 g (db), whereas their individual content takes into 
consideration the specified ratio (ISO/ERY). The amount of other ingredients was 
fixed at 50 g kg-1 (db) of isomalt powder, which was used as seeding crystals, and 50 
g kg-1 (db) of freeze-dried açai or 103 g kg-1 of spray-dried açai added to the cooked 
mass. Ignoring the maltodextrin present in the spray-dried açai powder (514.8 g kg-1, 
db), the amount of solids from açai was the same as indicated for the freeze-dried 
açai powder (50 g kg-1, db). Considering the formulation in wet basis, the initial 
moisture content of the mass before cooking was standardized at 300 g kg-1 for all 
trials, corresponding to the sum of water from maltitol syrup (250 g kg-1) and added 
water. 
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Table 1. Coded and experimental values of the independent variables and composition of 
polyols in the chewy candies 
Run 
Coded values  Real values (x) (db)  Composition (g kg
-1
, db)  NC/C 
(db) x1 x2  ISO/ERY MAS (g kg
-1
)  ISO ERY MAS  
1 -1 -1  36/64 330.0  241.2 428.8 330.0  33/67 
2  1 -1  64/36 330.0  428.8 241.2 330.0  33/67 
3 -1  1  36/64 470.0  190.8 339.2 470.0  47/53 
4  1  1  64/36 470.0  339.2 190.8 470.0  47/53 
5 -1.41  0  30/70 400.0  180.0 420.0 400.0  40/60 
6 1.41  0  70/30 400.0  420.0 180.0 400.0  40/60 
7  0 -1.41  50/50 300.0  350.0 350.0 300.0  30/70 
8  0  1.41  50/50 500.0  250.0 250.0 500.0  50/50 
9  0  0  50/50 400.0  300.0 300.0 400.0  40/60 
10  0  0  50/50 400.0  300.0 300.0 400.0  40/60 
11  0  0  50/50 400.0  300.0 300.0 400.0  40/60 
Abbreviations: ISO/ERY, isomalt/erythritol ratio; MAS, maltitol syrup concentration; NC/C, non-
crystallizable (MAS)/crystallizable solids (sum of ISO and ERY) ratio 
 
The Statistica® 12 software (StatSoft Inc., Tulsa, USA)23 was used for the 
data analyses (ANOVA variance, regression coefficient calculation, response 
surfaces, contour plots and Pearson correlation coefficient) with confidence intervals 
of 95% (P < 0.05). The experimental responses were fitted to a predictive model of 
second order as shown in Equation (1): 
 
Y = β0 + β1x1 + β2x2 + β12x1x2 + β11x1
2 + β22x2
2                                                           (1) 
 
where, β0, β1, β2, β12, β11 and β22 are parameters of the regression model, 
and x1 and x2 are the coded variables. 
 
2.3.1. Determination of the instrumental texture (Hardness, Y1) 
Instrumental measurements of texture for hardness parameter were 
performed on chewy candies with standard dimension of 35 x 35 x 20 mm using a 
texture analyzer (TA.XT2i, Stable Micro Systems Ltd., Godalming, UK) equipped with 
a steel cylinder probe (4 mm in diameter), considering measure force in compression 
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as the maximum peak force in newtons. Measurements were taken at pretest and 
posttest speed of 2 mm s-1, test speed of 1 mm s-1, 0.05 N trigger force, and 
penetration depth of 4.0 mm.19 The results were averages of 10 replicates for each 
sample. The instrumental hardness, defined as the force necessary to attain a given 
deformation in the sample,13 was correlated with the sensory perceived hardness. 
 
2.3.2. Determination of the sensory textures (Hardness, Y2; Adhesiveness, Y3) 
Sensory textural measurements for hardness and adhesiveness attributes 
were performed on chewy candies formatted in dimensions of approximately           
21 x 18 x 9 mm through the discrimination method using an intensity scale24 by a 
team of 12 trained subjects (8 females and 4 males aged between 22 and 45). The 
subjects were selected for participation according to their discriminating capability 
among samples (P < 0.30), repeatability among their own replicates for each attribute 
(P > 0.05), and consensus among subjects to evaluate their consistence.24 A 
preliminary selection of candidates allowed determining their individual and group 
abilities to detect differences among similar products with variation in the 
concentration of the ingredients.16 The data were analyzed using the software 
package Statistical Analysis System (SAS Institute Inc., Cary, USA)25 for two-way 
analysis of variance (ANOVA) (sample and repetition) for each panelist and each 
attribute, and for Tukey‟s test at a level of significance of P < 0.05.  
References of maximum and minimum intensities for each attribute   
(Table 2) were used during four training sessions for the formation of sensory 
memory and equalization among panelists. The sensory analyses were conducted in 
individual cabins at room temperature. The panelists rated the sensory intensities on 
a 9-cm non-structured linear scale,24 which have represented on its extreme points 
the minimum intensity (low) on the left and the maximum intensity (high) on the right. 
Quantification was done by measuring the distance (cm) from the left end of the line 
to the mark made by the subject. Some experimental samples (Runs 1, 2 and 9, 
Table 1) were used during training sessions for panelist selection. 
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Table 2. Definitions and references used in the sensory training sessions 
Attribute Definition 
Reference for the extremes 
of the intensity scale 
Hardness Force required to compress a solid 
material placed between molar teeth,
13,15
 
considering the first chew 
Low: soft caramel (Dori 
Alimentos
®
, Marília, Brazil) 
High: mint hard candy (Dori 
Alimentos
®
, Marília, Brazil)  
Adhesiveness The degree to which the product sticks or 
adheres to teeth while chewing,
16, 26
 
considering five chews using molar teeth 
(enough to mix sample with saliva to form 
a mass) 
Low: yogurt chewy candy 
(Arcor
®
, Rio das Pedras, Brazil) 
High: butter toffee (Arcor
®
, 
Arroyito, Argentine)  
 
Each panelist evaluated one sample unit (approx. 3 g) from each trial of 
the experimental designs (for CFD and CSD) three times. The samples were served to 
the subjects in plastic cups codified with three-digit random numbers in a monadic 
way and in a randomized order. In each section, four samples were evaluated at the 
most. Some water and unsalted cracker were provided as neutralizers between the 
assessments of each sample.16 
This study was approved by the Research Ethics Committee of the Faculty 
of Medical Sciences of the University of Campinas, UNICAMP, Brazil (CAAE 
13299313.6.00005404). 
 
2.3.3. Determination of the water activity (aw, Y4) 
The water activity was measured at 25 ºC using aw meter (AquaLab 4TEV, 
Decagon Devices Inc., Pullman, USA). For each trial form the experimental designs, 
three replicates were obtained and the average was reported. 
 
2.4. Characterization of the açai chewy candies 
  
The samples of the experimental designs were characterized by residual 
moisture content using the volumetric Karl Fischer titration method (Titrando 901, 
Metrohm AG, Herisau, Switzerland), with samples being dissolved in a mixture of 
methanol (Emsure® ACS, ISO, Reag. Ph Eur, Merck KGaA, Darmstadt, Germany) 
and formamide (Emsure® ACS, ISO, Reag. Ph Eur, Merck KGaA) (2:1, v/v, 
respectively), and titration occurring at 50 ºC, performed in triplicate.27 The total lipid 
content of the samples was measured using the acid hydrolysis method, performed 
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in triplicate.28 Both residual moisture and total lipid content may affect the physical 
and physicochemical properties of candies.15,19  
 
3. Results and Discussion 
 
3.1. Statistical design 
 
The responses obtained for hardness (Y1, instrumental; Y2, sensorial), 
adhesiveness (Y3), and water activity (Y4) are presented in Table 3. The data were 
treated through a central composite rotatable design aiming to develop statistical 
models to predict response values and better understand the influence of ISO/ERY 
ratio, MAS concentration, and their interaction on textural properties and water 
activity of açai chewy candies. The regression coefficients of the model of second 
order, calculated regression F-values, P-values, and percentages of explained 
variance (R2) are presented in Table 4. Some non-significant parameters at P < 0.05 
were excluded and incorporated into residues for the analysis of variance (ANOVA) 
in order to verify adequacy and fitness of the reparameterized/reduced model. The 
statistical analysis showed all regression models were significant and suitable for 
evaluating the responses at 95% significance level within the studied ranges of the 
variables, resulting in good reproducibility of the experimental data with great 
percentages of explained variance by each model (R2 = 85–99%), calculated 
regression F-values 6–176 times higher than the tabulated one, low relative errors, 
and good repeatability of the process. According to Box and Wetz,29 the calculated F-
value of a regression model should be at least 4–5 times higher than the tabulated 
one to be considered useful for predictive purposes. 
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Table 3. Responses of the dependent variables according to the composition of polyols in the chewy candies 
Run 
Coded 
values 
 
Instrumental hardness 
(N) (Y1)* 
 
Sensory hardness 
(0–9 scale) (Y2)* 
 
Sensory adhesive-
ness (0–9 scale) (Y3)* 
 
Aw 
(Y4)* 
 
Moisture content*
,▲
 
(g kg
-1
) 
x1 x2  CFD CSD  CFD CSD  CFD CSD  CFD CSD  CFD CSD 
1 -1 -1 59.30±1.42 97.20±1.60 0.8±0.7 2.6±0.9 1.3±1.0 1.0±0.6 0.524±0.001 0.508±0.002 66.8±0.2 64.6±1.5 
2  1 -1 208.31±5.92 390.42±7.03 8.1±0.8 8.0±0.7 2.6±1.2 2.6±1.3 0.463±0.003 0.462±0.003 62.4±0.4 59.0±2.8 
3 -1  1 58.49±0.81 87.54±1.19 1.4±0.7 2.6±1.0 2.1±1.0 2.0±1.1 0.471±0.004 0.462±0.001 64.8±2.7 62.7±1.9 
4  1  1 219.04±4.67 461.66±14.46 7.4±0.8 8.1±0.7 3.1±1.1
 
3.6±1.1 0.455±0.003 0.450±0.004 63.4±1.7 62.4±0.5 
5 -1.41  0 26.91±0.82 74.11±1.60 0.5±0.7 2.2±1.0 0.4±0.3
 
0.8±0.7 0.504±0.002 0.490±0.007 64.8±2.4 60.0±0.7 
6  1.41  0 244.61±4.11 333.56±6.64 8.5±0.6 7.6±0.8 3.6±1.2 4.4±1.0 0.457±0.001 0.449±0.009 63.0±1.1 64.4±1.0 
7  0 -1.41 147.50±3.16 209.31±3.69 4.5±0.9 6.6±1.0 2.2±0.9
 
1.7±0.7 0.492±0.001 0.481±0.003 64.7±0.9 59.1±1.4 
8  0  1.41 139.37±4.20 170.35±4.70 6.2±1.3 6.1±0.9 3.6±1.4
 
3.2±1.3 0.437±0.004 0.430±0.004 62.0±1.3 61.8±1.4 
9  0  0 144.98±3.10 250.81±4.71 5.5±1.2 7.3±0.8 1.8±1.1 2.0±0.8 0.475±0.004 0.463±0.014 62.0±1.5 58.8±1.8 
10  0  0 154.81±6.20 254.49±11.60 6.9±1.2 7.2±0.9 2.0±0.9
 
2.3±0.9 0.468±0.005 0.458±0.005 57.7±0.8 58.5±1.9 
11  0  0 142.47±2.31 236.19±3.17 6.7±1.3 6.8±1.1 2.0±0.8
 
2.0±1.1 0.471±0.003 0.456±0.003 58.1±0.9 58.2±0.9 
*Response values are means ± standard deviations. 
▲
Not used as a response in the experimental designs. 
Abbreviations: CFD, chewy candy containing freeze-dried açai; CSD, chewy candy containing spray-dried açai 
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Table 4. Parameters of the regression model for instrumental hardness (Y1), sensory 
hardness (Y2) and adhesiveness (Y3), and water activity (Y4) 
Coefficient of 
regression 
CFD  CSD 
Y1 (N) Y2 Y3 Y4  Y1 (N) Y2 Y3 Y4 
β0 144.7653 5.7706 1.9235 0.4695  233.2400 6.6765 2.3273 0.4592 
β1 77.1793 3.0767 0.8532 - 0.0179  129.2822 2.3171 1.0364 - 0.0145 
β2 N.S. N.S. 0.4100 - 0.0173  N.S. N.S. 0.5152 - 0.0163 
β12 N.S. N.S. N.S. 0.0113  N.S. N.S. N.S. 0.0085 
β11 - 5.8285 - 0.8721 N.S. 0.0066  N.S. - 1.0427 N.S. 0.0072 
β22 N.S. N.S. 0.4426 N.S.  N.S. N.S. N.S. N.S. 
R
2
 (%) 99.49 92.76 91.41 97.26  85.00 94.44 92.69 96.09 
F-value 787.09 51.27 24.81 53.30  51.02 67.94 50.68 36.92 
P-value <0.0000 <0.0000 <0.0004 <0.0001  <0.0001 <0.0000 <0.0000 <0.0002 
Abbreviations: CFD, chewy candy containing freeze-dried açai; CSD, chewy candy containing spray-dried 
açai; N.S., not significant at P < 0.05 
 
The contour curves generated by the models for textural parameters and 
water activity of the açai chewy candies are presented in Fig. 2 and 3, respectively. 
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INSTRUMENTAL HARDNESS (Y1, N) 
CFD CSD 
  
 
SENSORY HARDNESS (Y2, 0-9 scale) 
CFD CSD 
  
  
SENSORY ADHESIVENESS (Y3, 0-9 scale) 
CFD CSD 
  
Figure 2. Contour curves as a function of isomalt and erythritol ratio (ISO/ERY) and maltitol 
syrup concentration (MAS) for textural properties of açai chewy candies. Abbreviations: CFD, 
chewy candy containing freeze-dried açai; CSD, chewy candy containing spray-dried açai. 
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WATER ACTIVITY (Y4) 
CFD CSD 
  
Figure 3. Contour curves as a function of isomalt and erythritol ratio (ISO/ERY) and maltitol 
syrup concentration (MAS) for water activity of açai chewy candies. Abbreviations: CFD, 
chewy candy containing freeze-dried açai; CSD, chewy candy containing spray-dried açai. 
 
According to Sentko and Willibald-Ettle,18 the moisture content of chewy 
candies may vary between 60 and 100 g kg-1, which no crystallization occurs in 
chewy candies with moisture content lower than 60 g kg-1, leading to harder 
confections (amorphous-like), whereas in moisture content higher than 100 g kg-1, 
the product may become sticky and may be not form stable. In this study, the 
samples presented moisture content of 57.7–66.8 g kg-1 for CFD and 58.2–64.6 g kg
-1 
for CSD. 
 
3.1.1. Instrumental and sensory hardness of açai chewy candies 
Chewy candies varied greatly in hardness according to the formulation, 
ranging from soft (low) to hard (high). The only variable which significantly affected 
instrumental and sensory hardness of the samples was ISO/ERY ratio. Both linear 
and quadratic terms of ISO/ERY ratio were statistically significant at P < 0.05, except 
the quadratic term for instrumental measurements of CSD, which was not significant 
(Table 4). Therefore, neither MAS concentration nor the interaction between the 
variables impacted statistically on hardness. Although MAS did not show statistical 
influence on changing the texture within the ranges of the studied variables, from the 
system point of view, it is well known that MAS variation changes the equilibrium of 
the food system, affecting the viscosity of the continuous phase and the level of 
crystallization, which certainly impacts on the texture properties of the final product. 
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Fig. 2 shows a positive effect of ISO/ERY on the response, meaning that 
the increase in ISO/ERY ratio (increasing ISO and decreasing ERY, proportionally) 
resulted in higher hardness, regardless of MAS concentration. Furthermore, in the 
case of sensory hardness, there was little (CFD) or no change (CSD) in the response 
with the increase of ISO/ERY ratio from a little more than 50/50. 
According to Fig. 4, instrumental and sensory hardness of CFD were highly 
correlated (R2 = 90.08%, P < 0.05), whereas a reasonably robust relationship among 
the measurements was found for CSD (R
2 = 78.42%, P < 0.05). Therefore, a 
prediction of the sensory perception of hardness from instrumental analysis for 
chewy candies varying in polyols concentration was possible and may be useful for 
product development or quality control purposes in order to ensure that the product 
meets the expected texture. 
 
y = 0,0403x - 0,526
R² = 0,9008
0
1
2
3
4
5
6
7
8
9
10
0 50 100 150 200 250 300 350 400 450 500
S
e
n
s
o
ry
 h
a
rd
n
e
s
s
 (
0
-9
 s
c
a
le
)
Instrumental hardness (N)
5
1
3
4
2
6
7
9
8
11 10 y = 0,0162x + 2,1412
R² = 0,7842
0
1
2
3
4
5
6
7
8
9
0 50 100 150 200 250 300 350 400 450 500
S
e
n
s
o
ry
 h
a
rd
n
e
s
s
 (
0
-9
 s
c
a
le
)
Instrumental hardness (N)
5
13
42
6
7
8
11
9 10
 
                                   (a)                                                                                               (b) 
Figure 4. Sensory versus instrumental hardness for 11 trials of the experimental designs of 
chewy candies containing freeze-dried (a) and spray-dried açai (b) 
 
As shown in Fig. 4, the samples were grouped into three different 
hardness profiles: very soft texture (low hardness) for runs number 1, 3 and 5; firm 
texture (middle hardness) for runs from 7 to 11; hard texture (high hardness) for runs 
number 2, 4 and 6. 
The composition of the softest samples (runs number 1, 3 and 5) had 
simultaneously the lowest ISO content (180.0–241.2 g kg-1) and the highest level of 
ERY (339.2–428.8 g kg-1) (Table 1). ERY showed to be the most important 
contributor to the overall softness of the chewy candies probably by inducing an 
intense crystallization in the system, even in the presence of MAS as a grain 
inhibitor, conferring a short texture to the samples. The lower hardness of these 
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samples was expected since high graining degree (formation of crystals) causes a 
decrease in the amount of dissolved solids of the continuous phase, producing a 
more dilute and less viscous continuous phase.30 As these chewy candies were quite 
crystallized, they dissolved rapidly in the mouth during degustation, presenting little 
chewiness. 
The samples with the highest hardness (runs number 2, 4 and 6) had an 
opposite range of ISO and ERY content compared to the softest ones. Probably, 
these samples had a more concentrated and viscous continuous phase which may 
have contributed to make them harder. The hypothesis for this fact is that the chewy 
candies presented a low degree of crystallization when ERY was present in lower 
concentration (180.0–241.2 g kg-1, Table 1). However, even being hard at first chew, 
these samples became chewier after a few bites, changing texture over the eating 
experience. 
The samples with middle hardness (runs 7–11) presented good chewiness 
as reported by the subjects. 
In general, CSD were harder than CFD, as shown by the instrumental 
measurements (Table 3). The total lipid content of these samples may have had a 
considerably influence on their texture since CSD had lower total lipid content (19.8 ± 
0.1 g kg-1, wb) compared to CFD (30.5 ± 0.2 g kg
-1, wb). Considering that the only 
source of lipid in these samples was that intrinsically present in açai powders and 
that the samples had the same total açai solid contents incorporated (50 g kg-1), this 
difference may be attributed to the fact that freeze-dried and spray-dried açai were 
originated from frozen pulps with different lipid contents (518.0 and 348.0 g of total 
lipids per kg of açai juice dried matter, respectively). Another possibility is that the 
maltodextrin present in the spray-dried açai may have influenced the system 
equilibrium toward a lower crystallization of the samples due to its high molecular 
weight (over 1000 g mol-1).31 
 
3.1.2. Sensory adhesiveness of açai chewy candies 
The samples had no high adhesiveness, showing results below 3.6 (CFD) 
and 4.4 (CSD) on the 0–9 intensity scale, which varied according to the chewy candy 
composition within the studied ranges (Table 3). This response was significantly 
influenced by both variables, with ISO/ERY ratio having higher impact on 
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adhesiveness than MAS concentration. The variables had a positive effect on 
adhesiveness, showing that an increase on MAS and/or ISO/ERY ratio results in an 
increase of this response (Fig. 2). The linear terms of the variables were statistically 
significant at P < 0.05 for the construction of the regression model of the chewy 
candies, as well as the quadratic term of MAS only for CFD (Table 4).  
Samples from runs number 4, 6, and 8 were more adhesive (sticky) than 
others, showing the highest values for this attribute (CFD = 3.1–3.6, CSD = 3.2–4.4). 
This fact can be attributed to the presence of high levels of MAS (400-500 g kg-1) 
combined with lower ERY content (180–250 g kg-1). These samples were not form 
stable, showing the defect known as “cold flow”, which means that the confection 
presented the tendency to deform under its own weight over time.30 
A slight graining of chewy candies (< 10% crystals) is desirable for 
contributing to texture,10,32 reducing adhesiveness and also improving shape stability. 
The presence of crystals in the system is capable of disrupting the continuous phase, 
giving internal structure to the product, and providing a short texture.30 Thus, 
depending on the crystallinity content in the confection, it may break easily and 
cleanly when bitten. Considering MAS is a grain inhibitor capable of controlling 
crystallization, higher MAS content in the chewy candies led to a more adhesive 
characteristic whose effect was minimized only by higher levels of ERY in the 
composition. By fixing MAS content in the formula and comparing runs number 3 and 
4 (MAS of 470 g kg-1), and also 5, 6, and central points (all of them with MAS of    
400 g kg-1), the influence of the crystallization components (ISO/ERY) on 
adhesiveness could be confirmed, showing that those runs (3 and 5) with higher ERY 
had lower adhesiveness. The lowest values of adhesiveness (CFD = 0.4–1.3,         
CSD = 0.8–1.0, Table 3) were found in the samples with the highest ERY content 
among the other samples (runs number 1 and 5, with ERY of 428.8 and 420 g kg-1, 
respectively, Table 1), showing again the greater impact of ERY on the response. 
These samples had great shape/structure stability. 
According to Fig. 2, no change in adhesiveness was observed by fixing 
ISO/ERY ratio and varying greatly MAS concentration at some intervals. For 
example, with ISO/ERY fixed at 50/50 no variation in adhesiveness happened at 
approximately 350–500 g kg-1 for CSD. 
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Both polyols have low hygroscopicity.33 This is an important property to be 
considered when formulating a confection in order to minimize adhesiveness during 
manufacturing process and prevent the chewy candy from sticking to the wrapper.18 
 
3.1.3. Water activity of açai chewy candies 
The aw of the samples ranged from 0.430 to 0.524 (Table 3), being most of 
them close to the values expected for this confection category (0.45-0.60).32 This 
response was significantly influenced by ISO/ERY ratio and MAS concentration with 
only the quadratic term of maltitol syrup concentration not statistically significant at   
P < 0.05 (Table 4). The independent variables showed a negative effect on aw within 
the studied ranges, meaning that, low concentrations of MAS and low ISO/ERY ratios 
resulted in an increased aw value (Fig. 3). Therefore, when the crystallizable solids 
(ISO plus ERY) content was greater than the non-crystallizable one (MAS), and also 
considering that among the crystallizable solids ERY content was equal or higher 
than ISO, a tendency to increase aw results could be observed. This behavior was 
confirmed by the runs with high ERY content (1, 5 and 7), which showed the highest 
aw values among the other samples (0.481–0.524, Table 3). 
By fixing MAS content in the formula, the influence of the crystallization 
components (ISO/ERY) on aw may be evaluated. Comparisons among runs number 
1 and 2 (both with 330 g kg-1), 3 and 4 (both with 470 g kg-1), and also 5, 6 and 
central points (all of them with 400 g kg-1), showed that the runs number 1, 3 and 5, 
with the highest ERY content, had the highest aw values, confirming the greater 
influence of ERY on increasing this response. Taking into account the high speed of 
crystallization of ERY,33 these results were expected since a more diluted continuous 
phase may be obtained after crystallization due to water exclusion from the crystals 
during this process.30,32 On the other hand, the runs number 2, 4 and 6, with the 
highest ISO content had lower aw, probably due to a lower level of ERY, leading to a 
lower graining degree and higher solid content dissolved in the liquid phase. 
Although both ISO and ERY crystallize readily,33 their impact on aw has 
different proportion. These polyols provide one of the lowest solubility (250 and 370 g 
kg-1 at 25 ºC, respectively) compared with other polyols,33 contributing to graining to 
occur. However, in addition to solubility, the crystallization kinetics of these polyols 
should be considered. 
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The use of grain inhibitors is reported to reduce aw of confections
32 by 
decreasing the amount of solids that would crystallize out, and also increasing the 
amount of dissolved solids in the continuous phase.30 Run number 8, with the highest 
MAS among other samples, had the lowest aw (0.430-0.437, Table 3). 
The impact of MAS concentration on the aw was more pronounced in 
ISO/ERY ratio between 30/70 and 40/60, whereas ISO/ERY impacted more in MAS 
bellow 400 g kg-1. 
Considering ERY is rather expensive, its combination with other polyol(s) 
may be needed when developing a product. This study gives important information 
on the ISO/ERY ratio which no change in the response can be observed, allowing the 
obtainment of the same result using a formulation with a more affordable cost. For 
example, no change in the response was noted with MAS fixed at 450 g kg -1 and 
ISO/ERY greater than 50/50 for CFD or 40/60 for CSD (Fig. 3). 
The difference between the aw of a confection and the relative humidity 
(RH) of the surrounding environment is well-known to indicate whether the product 
will gain or lose moisture during storage. Confections with aw close to the RH present 
less potential of having moisture migration to or from the atmosphere. This 
information is important to preserve quality and extend shelf life of the product.32 The 
samples had an equilibrium RH of about 43–52% depending on the trial. Considering 
the RH of the surrounding atmosphere will be usually higher from this range, the 
chewy candies will be susceptible to absorb moisture until reaching the equilibrium 
with the air, even ISO and ERY having low hygroscopicity.33 Therefore, the use of a 
packaging material with proper moisture barrier would be recommended during these 
chewy candies storage. 
In conclusion, all samples presented proper water activity and acceptable 
adhesiveness (low or middle), and the selection of the best formulation will depend 
on the desired target for adhesiveness as part of the overall eating experience. 
Concerning hardness, samples presented great textural differentiation, with runs 
number 1, 3, and 5 being the softest ones, whereas central points showed middle 
hardness. The samples which had the lowest performance were those from runs 
number 2 and 6 (very hard), 7 and 8 (not form stable), and 4 (very hard and not form 
stable). Both variables (ISO/ERY ratio and MAS concentration) influenced the 
responses, except MAS for hardness (sensory and instrumental measurements). The 
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ratio of crystallizable solids containing higher ERY content than ISO showed a great 
impact on increasing the water activity, decreasing adhesiveness, inhibiting structure 
deformation, and providing a softer texture. Freeze-dried and spray dried açai 
powders showed to be good health alternatives to be used in candy manufacturing. 
Taking into account that consumers are likely to consume multiple 
servings of candies, precautions need to be taken to ensure that the formulated 
product will cause any adverse effect. In this sense, ERY brings advantage of being 
the best tolerated polyol, with good digestive tolerance.33 Furthermore, it contributes 
with no energy to the body (zero calorie).33 
 
4. Conclusion 
 
This study showed noticeable differences in textural and water activity 
properties of açai chewy candies varying in the polyols concentration (isomalt, 
erythritol and maltitol syrup). All these parameters were properly manipulated, 
indicating the ranges of ingredients whose suitable characteristics could be found in 
the formulated product. Erythritol was the greatest contributor to the increase in water 
activity, decrease in adhesiveness and hardness (sensory and instrumental), and 
inhibition of shape deformation of the samples when it was present in higher 
concentration than isomalt as a crystallization promoting component of the chewy 
candies. Maltitol syrup concentration had no statistical effect on hardness, whereas it 
showed a tendency to increase adhesiveness and decrease water activity depending 
on the ratio of isomalt/erythritol considering an interaction effect occurred between 
these variables. Predictive equations could be developed to estimate the responses. 
Instrumental and sensory hardness were correlated positively. Both freeze-dried and 
spray-dried açai powders were suitable to produce chewy candy confections, 
wherein the freeze-dried açai used in this study provided a more favorable texture 
due to its higher fat content. The combination of these polyols in chewy candy 
manufacturing has not being explored and the information presented in this study 
meets the confectionery industry interest in developing a proper formulation for 
chewy candies containing fruit and with no added sugar, vegetable fat, not even color 
and aroma additives in order to attain consumers‟ expectations. 
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Abstract 
This study reports the influence of the polyols isomalt, erythritol and maltitol syrup on 
the sweetness and cooling effect of sugar-free chewy candies containing differently 
processed açai (freeze-dried and spray-dried açai powders) through a central 
composite rotatable design and by using trained subjects for the sensory evaluation. 
Additionally, an investigation of consumers‟ overall acceptability of chewy candies 
was performed considering the trial of the statistical design which resulted in better 
responses. Stronger sweetness and cooling sensory perceptions were found in 
samples with the lowest isomalt/erythritol ratios and maltitol syrup concentrations 
within the studied ranges, suggesting greater influence of erythritol content in 
increasing these responses. Most chewy candies containing spray-dried açai 
presented lower cooling effect than those containing freeze-dried açai, whereas the 
sweetness intensity was affected differently by the type of açai depending on the trial. 
Under the optimal combination of the variables (isomalt:erythritol:maltitol syrup of 
30:30:40, w/w/w, in dry basis), the chewy candies presented proper sweetness 
(without a burning sensation) and very low cooling (intensities of 5.8–6.4 and 2.1–3.3 
on a scale of 0 to 9, respectively). The use of açai powders in the chewy candies 
resulted in great sensory acceptance regarding color, flavor, texture and overall 
impression. The interaction among the studied polyols and the impact of açai addition 
on the sensory quality of chewy candies provide important information to the 
confectionery industry to develop sugar-free, reduced-calorie and fruit-containing 
confections, maintaining their indulgent appeal successfully. 
 
Keywords Polyols • Açai • Chewy candies • Sweetness • Cooling • Consumer 
acceptability
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1. Introduction 
 
The flavor of a food is a combination of aromatics (olfactory perceptions), 
tastes (gustatory perceptions) and chemical feelings (stimulation of nerve ends) 
induced by a substance in the mouth (Laguna and Chen 2016). Sweet, salty, sour, 
bitter and umami are basic tastes perceived by soluble substances in the mouth 
(Lease et al. 2016) and are considered crucial attributes to the sensory quality of a 
food (Ma et al. 2016). The sweet taste (sweetness) is still one of the most demanded 
attributes by consumers and is one of the main properties of any sugar replacer 
(Flambeau et al. 2012). 
Polyols (sugar alcohols) are nutritive bulk sweeteners commonly used as a 
sugar alternative in sugar-free formulations. They offer the advantages of having 
reduced caloric values and lower glycemic response compared to sucrose, besides 
contributing to dental health (Bhise and Kaur 2014). Blends consisting of two or more 
polyols may be required for a particular application in a food system in order to reach 
part or all of the properties provided by sugars (De Cock 2012a). Polyols may vary in 
sweetness intensity from 30 to 95% in relation to the sweetness of sucrose 
(Flambeau et al. 2012). Feelings associated with cooling may be noticed depending 
on the polyol present in the food, and it may be regarded as desirable or undesirable 
according to the product. This cooling effect is a perceived experience when a 
substance which presents a negative heat of solution dissolves from the crystalline 
state (Sentko and Willibald-Ettle 2012). 
Considering the indulgent appeal linked to confectionery products, 
consumers expect they provide good quality and great sensory satisfaction, even for 
sugar-free versions which must be similar to those containing sucrose and offer 
sweetness, flavor and mouthfeel without any unpleasant aftertaste (Zacharis 2012). 
The successful use of powdered polyols (e.g. isomalt, erythritol, xylitol, maltitol) as 
the crystallization promoting components of the formula was already reported for the 
development of chewy candies (Silva et al. 2016a; Silva et al. 2016b; Sentko and 
Willibald-Ettle 2012; Zacharis 2012; Kondou and Yuki 1996; Pepper et al. 1992). 
When fruits are used in confections formulations, the type and the 
characteristics of these fruits must also be considered in order to achieve the desired 
sensorial features of the product. Fruit-based confectionery products are on trend 
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and food industries have already recognized the advantages of incorporating real 
fruit into products on the enhanced sensory experience (delivery of flavor, color and 
aroma), natural appeal, nutritional value, and supplementation of the diet with macro 
and micronutrients (Mongia 2014). According to Topper (2014), American consumers 
are most likely to look for sugar confectionery products with low or no sugar (26%), 
containing natural ingredients (23%), and made with natural fruit juice (24%) or fruit 
pieces (16%). Fruit flavors have dominated the global sugar & gum confectionery 
market (Ghoghai 2016), and flavors from berries in general have predominated 
(18%) in the products launched over the last five completed years (Mintel GNPD 
2016). Exotic fruits have shown great potential to be introduced in this category 
(Ghoghai 2016), e.g. açai fruit (Euterpe oleracea Mart.), which has been successfully 
incorporated into products carrying antioxidant, all natural or functional claims (Mintel 
GNPD 2016). 
Experimental design based on statistical principles is an efficient 
methodology for solving research and development challenges in which the 
responses are influenced by different variables, finding optimized conditions and 
constructing predictive models with complete confidence in the responses (Rodrigues 
and Lemma 2014). Using the central composite rotatable design (CCRD), the aim of 
this study was to evaluate the influence of the polyols concentration (isomalt, 
erythritol, and maltitol syrup) on the sweetness and cooling effect of sugar-free 
chewy candies containing differently processed açai pulps (freeze-dried and spray-
dried powders), as evaluated by trained subjects. Consumers‟ acceptability was 
additionally investigated for the trial from each statistical design with better 
responses. 
 
2. Materials and methods 
 
2.1. Materials 
 
The ingredients used to produce the sugar-free chewy candies were: 
maltitol syrup (Polyglobe® 1351, purity ≥ 50% (db), Ingredion), isomalt ST powder 
(C*IsoMaltidex 16500, purity ≥ 98%, 6-O-α-D-glucopyranosyl-D-sorbitol and 1-O-α-D-
glucopyranosyl-D-mannitol dihydrate ratio (GPM/GPS) of approx. 1:1, Cargill), 
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erythritol powder (ZeroseTM Erythritol STD GRAN, purity ≥ 99.5%, Cargill) and açai 
(Euterpe oleracea Mart.). The types of açai incorporated into the chewy candy were: 
freeze-dried powder (Liotécnica); and spray-dried powder produced in a pilot spray 
dryer (Gea Niro Atomizer, CB3104D) with a 0.5 mm nozzle, atomizer at 6000 rpm, 
inlet/outlet air temperatures of 170/80 ºC, feed flow rate of 15 kg/h, drying air flow 
rate of 473 L/h, and obtained from a mixture of frozen açai pulp (11% of total solids, 
De Marchi) and maltodextrin 20DE (MOR-REX® 1920, Ingredion) in a proportion of 
48.5:51.5 (w/w, db), respectively (Silva et al. 2016a). 
 
2.2. Production of sugar-free chewy candy 
 
The chewy candies were manufactured according to the procedure 
described by Silva et al. (2016a), including adjustments and following these steps: 
cooking of isomalt, erythritol, maltitol syrup and water up to 132 ºC in an atmospheric 
batch cooker (Ecoline Staredition RE212, Lauda, Lauda-Königshofen, Germany) with 
a stirring system (TE039/1, Tecnal, Piracicaba, Brazil); cooling down the mass while 
seeding crystals (isomalt ST, 90 µm) and adding açai powders (freeze-dried or spray-
dried) until reaching 45–50 ºC; pulling (40 rpm/20 min); forming; cutting; and packing 
(BOPP/BOPP metallized). 
 
2.3. Experimental design and data analysis 
 
A full factorial design (22) was adopted in order to evaluate the influence of 
two independent variables, at two levels, on taste (sweetness, Y1) and mouthfeel 
(cooling, Y2) properties of sugar-free chewy candies containing freeze-dried açai 
powder and also the ones which spray-dried açai powder was added. The central 
composite rotatable design (CCRD) consisted of 11 experiments with 4 axial and 3 
central points, which were included in order to estimate the pure error of the analysis 
and predict the lack of fit of the model (Rodrigues and Lemma 2014). The two 
independent variables were isomalt/erythritol ratio (ISO/ERY, x1) and maltitol syrup 
concentration (MAS, x2) (Table 1), whose levels were chosen based on Silva et al. 
(2016a) and preliminary studies. The responses were evaluated by trained subjects 
through sensory analyses as detailed in the next Section. 
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Table 1 Real levels of the independent variables in the CCRD experimental design 
Independent 
variables 
Coded 
variables 
-1.41 -1 0 1 1.41 
ISO/ERY x1 30/70 36/64 50/50 64/36 70/30 
MAS (%, db) x2 30 33 40 47 50 
Abbreviations: ISO/ERY, isomalt/erythritol ratio; MAS, maltitol syrup concentration; db, dry basis. 
 
The Statistica® 12 software (StatSoft Inc 2012) was used for data analyses 
through ANOVA variance, regression coefficient calculation, response surfaces, and 
contour plots. The statistical analyses were reported with a 95% confidence level (p < 
0.05). 
The formulations of the chewy candies had a varied concentration of 
polyols according to the trial of the experimental design. Considering the real values 
of MAS (%, db) indicated in Table 1, the amount of the blend of isomalt and erythritol 
is the difference to complete 100% also on a dry basis, e.g. for a MAS concentration 
equal to 40% (x2 = 0), ISO/ERY is 60% (db). The amount of other ingredients was 
fixed at 5% (db) of isomalt powder (used as seeding crystals) and 5% (db) of açai 
solids in relation to the cooked mass of the chewy candy. 
 
2.4. Sensory evaluation and data analysis 
 
This study was approved by the Research Ethics Committee of the 
University of Campinas (UNICAMP) in Brazil (CAAE 13299313.6.00005404). 
Sensory evaluations were performed for sugar-free açai chewy candies considering 
sweetness and cooling by trained subjects and acceptance test (overall liking and 
purchase intent) by untrained subjects (consumers), as described in Sections 2.4.1 
and 2.4.2. For both methods, the sensory evaluations were conducted in individual 
booths at room temperature. The samples were served to the subjects in plastic cups 
codified with three-digit random numbers and presented monadically in a randomized 
order. Some water and unsalted crackers were provided between samples evaluation 
in order to clean off taste buds and minimize any residual effect (Meilgaard et al. 
2007). Each chewy candy unit weighed about 3 g. 
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2.4.1. Determination of taste (Sweetness, Y1) and mouthfeel (Cooling, Y2) 
The sweetness and cooling attributes of the açai chewy candies from the 
experimental designs were evaluated through the discrimination method using an 
intensity scale by a team of 12 trained subjects (33% male and 67% female between 
the ages of 22 and 45) selected according to their discriminating capability among 
samples (p < 0.30) and repeatability among their own replicates (p > 0.05) for each 
attribute, besides taking into account the consensus among assessors (Stone and 
Sidel 2004). This selection method is useful in determining a candidate‟s ability to 
detect differences among similar products with ingredient variables (Meilgaard et al. 
2007). The software Statistical Analysis System (SAS Institute Inc 2013) was used 
for data analyses through ANOVA, as well as Tukey‟s mean comparison test at a 
level of significance of p < 0.05. 
The subjects participated in four training sessions on the product attributes 
prior to the final sample evaluation sessions. References were used during training 
for the formation of sensory memory and equalization among the assessors. Each 
attribute was represented by two identified references as described in Table 2. The 
assessors scored the perceived sensory intensities on a 9-cm non-structured linear 
scale (Stone and Sidel 2004), in which the extreme points of the scale were 
represented by the minimum intensity (low or none) on the left and the maximum 
intensity (high) on the right. The marks on the intensity scale were converted to a 
numerical value by measuring the distance starting from the left end of the line. 
Some experimental samples (Runs 1, 2 and 9, Table 3) were used during the 
selection of the subjects and the training sessions. 
 
Table 2 Definitions and references used in the sensory training sessions 
Attribute Definition 
Reference for the extremes of 
the intensity scale 
Sweetness Characteristic sweet taste stimulated 
by sucrose, other sugars or sweet 
substances in the mouth (Meilgaard 
et al. 2007) 
Low: isomalt powder 
(C*IsoMaltidex 16502 / Cargill) 
High: extra fine granular sugar 
(Harald) added by 1% (w/w) 
aspartame powder (Sweetmix) 
Cooling Cool sensation in the mouth or nose 
produced by substances such as 
menthol and mints (Meilgaard et al. 
2007) and influenced by the thermal 
effect of lowering the temperature 
None: extra fine granular sugar 
(Harald) 
High: erythritol powder (Zerose
TM
 
Erythritol FN PWD / Cargill)  
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In the final evaluation sessions, the trained and selected subjects 
evaluated each sample of the experimental designs three times. In each session, 
four samples were evaluated at most. 
 
2.4.2. Determination of the consumers’ sensory acceptance 
The optimal formulation of the chewy candy belonging to the trial of the 
experimental designs which resulted in better responses for the investigated 
sensorial characteristics (great sweetness without a burning sensation and no/very 
low cooling) was used to produce the samples for the sensory acceptance test. The 
açai chewy candy samples (one containing freeze-dried açai and other containing 
spray-dried açai) were evaluated by 120 consumers (40% male and 60% female 
between the ages of 18 and 59) in a single session following a balanced complete 
block design (MacFie et al. 1989). 
The consumers were asked to evaluate the sensory acceptability of color 
(COL), aroma (ARO), flavor (FLV), texture (TEX), and overall impression (OAI) using 
a 9-point hedonic scale (1 = dislike extremely, 5 = neither like nor dislike, 9 = like 
extremely). A five-point structured scale was used in order to evaluate the purchase 
intent of the samples (1 = definitely would not buy, 3 = maybe/maybe not buy, 5 = 
definitely would buy) (Meilgaard et al. 2007). The results were subjected to statistical 
analysis using the software Statistical Analysis System (SAS Institute Inc 2013). The 
analysis of variance (ANOVA) was performed on the sensory parametric data 
obtained, and Tukey‟s test for multiple comparisons of means was performed to 
determine differences among the samples, assuming the value of p < 0.05 as the 
criterion for statistical significance. 
 
2.5. Characterization of the açai chewy candies 
 
The samples of the experimental designs were characterized by residual 
moisture content through Karl Fischer volumetric titration method (Titrando 901, 
Metrohm Pensalab) (Bruttel and Schlink 2003) and water activity (AquaLab 4TEV, 
Decagon Devices Inc.), both performed in triplicate. The sugar-free açai chewy 
candies analyzed in the acceptance test were also characterized by residual 
moisture content and water activity as previously described, besides instrumental 
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texture for hardness parameter (TA.XT2i Texture Analyser, Stable Micro Systems 
Ltd.) using a P/4 probe (4 mm in diameter), pretest and posttest speed of 2 mm s-1, 
test speed of 1 mm s-1, 0.05 N trigger force and penetration distance of 4 mm (Silva 
et al. 2016a), in ten replicates; and fructose and glucose content by HPLC/refractive 
index detector (YL9170, Young Lin Instrument), using a Phenomenex Luna NH2 
column (250 x 4.6 mm, 5 µm), mobile phase consisted of acetonitrile and water 
(87:13, v/v), flow rate of 1.5 mL/min, performed in triplicate (Bugner and Feinberg 
1992). Calories were obtained through a theoretical calculation based on the 
technical specification of the ingredients, provided by manufacturers. 
 
3. Results and discussion 
 
3.1. Experimental design and characterization of the açai chewy candies 
 
The experimental design allowed specific ranges of polyols to be related to 
specific changes in the sensory attributes of the sugar-free açai chewy candies 
based on the perception of qualified subjects with great individual and group abilities 
to perceive the sensations and differences between the analyzed samples with a 
95% degree of reliability of the sweetness and cooling responses. Table 3 shows the 
coded and experimental values of the independent variables according to the CCRD 
statistical experimental design, the concentration of polyols (ISO:ERY:MAS), and the 
ratio of non-crystallizable (MAS) and crystallizable (sum of ISO and ERY) solids in 
the sugar-free chewy candies containing freeze-dried (CFD) and spray-dried açai 
(CSD), besides the results obtained for the dependent sweetness and cooling 
variables. 
The chewy candies presented ISO/ERY ratio varying from 30:70 to 70:30 
(w/w, db) and MAS concentration from 30 to 50% (db), whereas the balance between 
non-crystallizable (maltitol syrup) and crystallizable (powdered polyols) phases 
ranged from 30:70 to 50:50 (w/w, db) (Table 3). Flambeau et al. (2012) recommend 
ratios from 40:60 (2:3) to 25:75 (1:3) of non-crystallizable and crystallizable solids for 
the production of sugar-free chewy candies. 
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Table 3 Sweetness and cooling responses according to the composition of the sugar-free chewy candies containing freeze-dried (CFD) and 
spray-dried açai (CSD) 
Run 
Coded values  Real values (x)  Ratio of polyols  Ratio of non-
crystallizable: 
crystallizable 
solids (w/w, db) 
 Sweetness (Y1)*  Cooling (Y2)* 
x1 x2  
ISO/ERY 
(w/w, db) 
MAS 
(%, db) 
 
ISO:ERY:MAS 
(w/w/w, db) 
  CFD CSD MSD**  CFD CSD MSD** 
1 -1 -1  36/64 33  24:43:33  33:67  7.9±0.8
a,A
 7.1±1.0
a,b,B
 0.2593  7.8±1.0
a,A
 5.8±1.4
b,B
 0.4326 
2  1 -1  64/36 33  43:24:33  33:67  5.5±1.9
c,d,A
 5.4±1.6
d,A
 0.6409  2.8±1.9
d,A
 1.3±0.5
f,B
 0.4087 
3 -1  1  36/64 47  19:34:47  47:53  6.6±1.5
b,A
 6.9±1.2
a,b,A
 0.4062  4.2±2.0
c,A
 2.7±0.8
d,B
 0.5872 
4  1  1  64/36 47  34:19:47  47:53  4.5±1.1
e,A
 4.9±1.6
d,A
 0.5334  1.4±0.9
e,A
 1.1±0.5
f,B
 0.2636 
5 -1.41  0  30/70 40  18:42:40  40:60  8.2±0.6
a,A
 7.5±1.3
a,B
 0.3330  7.9±1.1
a,A
 6.8±1.3
a,B
 0.4096 
6  1.41  0  70/30 40  42:18:40  40:60  4.6±1.1
e,A
 5.0±1.9
d,A
 0.6263  1.3±0.8
e,A
 1.4±0.5
f,A
 0.3107 
7  0 -1.41  50/50 30  35:35:30  30:70  6.8±1.2
b,A
 6.9±1.5
a,b,A
 0.4994  5.8±1.4
b,A
 3.4±1.6
c,B
 0.7225 
8  0  1.41  50/50 50  25:25:50  50:50  5.1±1.5
d,e,B
 5.6±2.0
c,d,A
 0.4650  1.8±1.2
e,A
 1.4±1.2
e,f,A
 0.4845 
9  0  0  50/50 40  30:30:40  40:60  5.8±1.2
c,d,B
 6.4±1.2
b,c,A
 0.4701  3.3±1.6
d,A
 2.4±1.2
d,B
 0.4712 
10  0  0  50/50 40  30:30:40  40:60  6.2±2.0
b,c,A
 6.4±1.6
b,c,A
 0.6990  3.2±1.4
d,A
 2.1±0.9
d,e,B
 0.3189 
11  0  0  50/50 40  30:30:40  40:60  6.1±1.8
b,c,A
 6.3±1.5
b,c,A
 0.4816  3.2±1.3
d,A
 2.2±0.8
d,B
 0.2851 
MSD***      0.7929 0.8468 ____  0.7858 0.6506 ____ 
*Each response value represents mean ± standard deviation (n = 3, 12 trained subjects). Values followed by different letters indicate a significant difference (p < 0.05) 
according to Tukey‟s test (lowercase: comparison between samples in the same column, considering equal açai type addition and different runs; capital: comparison between 
samples in the same line, considering different açai type addition to the same runs); **Minimum significant difference among samples in the same line (p < 0.05); ***Minimum 
significant difference among samples in the same column (p < 0.05). 
Abbreviations: ISO/ERY, isomalt/erythritol ratio; MAS, maltitol syrup concentration ; CFD, chewy candy containing freeze-dried açai; CSD, chewy candy containing spray-dried 
açai; MSD, minimum significant difference (p < 0.05) 
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The chewy candies of the statistical designs reached a final moisture 
content and water activity of 5.77–6.68 g/100 g and 0.44–0.52 for CFD, 5.82–6.46 
g/100 g and 0.43–0.51 for CSD, respectively.  
 
3.1.1. Sweetness (Y1) 
Depending on the polyols concentration (Table 3), sweetness perception 
in chewy candies varied from 4.5 to 8.2 in the intensity scale (minimum: 0; maximum: 
9), showing a good sweetness level achieved without the need to use high-potency 
sweeteners. Mongia (2014) reported that the incorporation of fruits may lead to 
reducing added sweeteners, in some applications, due to their inherent sweetness. 
Since the fruit content in the chewy candies was standardized at 5% of açai solids 
(db), variations on sweetness perception were attributed exclusively to the polyols 
concentration. 
A statistical analysis of the sweetness response of the açai chewy candies 
(CFD and CSD) yielded high significant regression models (p < 0.000001) at a 95% 
significance level within the studied ranges of the independent variables (x1; x2). 
Sweetness was significantly affected by both variables with only linear terms 
statistically significant at p < 0.05, which showed a negative effect on sweetness, 
meaning that, when either the ISO/ERY ratio or MAS concentration was increased, a 
decrease in the perceived sweetness was observed. Non-significant parameters 
(quadratic terms of the variables and their interaction) were incorporated into 
residues for ANOVA calculation. Mathematical reparameterized models could be 
constructed with the coded variables containing only statistically significant 
parameters as expressed by Eq. (1) and (2). 
 
Y1 (CFD) = 6.1182 - 1.1989 x1 - 0.5880 x2                                                                   (1) 
 
Y1 (CSD) = 6.2182 - 0.9044 x1 - 0.3173 x2                                                                   (2) 
 
The ANOVA data resulted in great percentages of explained variance (R2) 
by each model (97.3% for CFD; 95.5% for CSD) and in calculated regression F-values 
(145.78 for CFD; 84.78 for CSD) much higher than the tabulated one (4.46) in both açai 
chewy candies, indicating good reproducibility of the experimental data. Considering 
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the predicted and observed results, very low relative errors were found, showing that 
the coded models validated by ANOVA fit well for sweetness response. The central 
points of the CFD and CSD experimental designs for sweetness response showed a 
very small variance, indicating good repeatability of the process. 
From the contour curves generated by the model for sweetness (Fig. 1), it 
was observed that polyols concentration of both chewy candies statistical designs 
had enhanced sweetness by decreasing the ISO/ERY ratio (crystallizable solids) or 
MAS concentration (non-crystallizable solids) within the studied ranges. However, the 
increase in sweetness occurred mainly due to the influence of ISO/ERY ratio, when 
erythritol content was higher than isomalt. This behavior was confirmed by the 
sweetest samples of runs number 1, 3, 5 and 7, with sweetness intensity of 6.6–8.2 
and non-significant difference (p < 0.05) in the sweetness perception among them, 
except for CFD with runs number 5 and 1 differing from 7 and 3 statistically (Table 3). 
These samples presented the highest erythritol content, which varied from 34 to 43% 
(db). The assessors reported that these samples, except the one from run number 3, 
were extremely sweeter than desired and that their consumption caused an 
unpleasant burning sensation in the throat. This feature was undesired and relevant 
for the non-selection of these trials for the sensory acceptance test, which was 
expected to have chewy candies with great sweetness, however, without a burning 
sensation. 
According to Aidoo et al. (2013), the use of erythritol as a sugar substitute 
in confectionery products may cause a burning sensation. Olinger (1994) associates 
the burning perception in the back of the mouth with the molecular size and the high 
osmotic pressure of monomeric polyols. Erythritol presents a small molecular size, 
being a 4–carbon polyol with a molecular weight of 122 (De Cock 2012a). 
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SWEETNESS (Y1) 
                              CFD                             CSD 
 
 
COOLING (Y2) 
                              CFD                             CSD 
  
 
Fig. 1 Contour plot of experimental values obtained for sweetness and cooling of chewy 
candies containing freeze-dried (CFD) and spray-dried açai powders (CSD) as a function of 
isomalt and erythritol ratio (ISO/ERY) and maltitol syrup concentration (MAS) 
 
Sadler and Stowell (2012) indicated that the sweetening power of erythritol 
and isomalt is 0.7 and 0.4, respectively, compared with that of sucrose (1.0). These 
polyols are capable of providing a sweet taste without any aftertaste and improving 
the mouthfeel of the product (De Cock 2012a; Sentko and Willibald-Ettle 2012). 
According to Flambeau et al. (2012), maltitol syrups provide 0.6–0.9 of sweetening 
power related to sucrose depending on their maltitol content, which may vary from 55 
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to 75% (db), considering the presence of other solids in the syrup such as sorbitol 
and polymeric sugar alcohols. The sweetness intensity depends on the sensitivity of 
the taster, the chemical and physical composition of the food, the type and 
concentration of polyols and other ingredients present in the food matrix, the pH, and 
the temperature at which the product is consumed (Nabors 2012). 
Runs number 2, 4, 6 and 8 showed the lowest sweetness perception 
(intensity of 4.5–5.6) with moderate sweet taste and non-significant difference among 
them, except for CFD with run number 2 differing statistically from 4 and 6 (Table 3). 
The impact of high maltitol syrup (47–50%, db) or isomalt (42–43%, db) contents on 
decreasing the sweetness of açai chewy candies (CFD and CSD) could be observed, 
considering low erythritol concentrations (18–25%, db). 
Runs number 9, 10 and 11 (central points) presented better sweetness 
(5.8–6.4) than the other runs for having an ideal sweet taste intensity and no burning 
sensation in the throat, as reported by the assessors. Therefore, the combination of 
the variables in the central point conditions reached the optimized response for 
sweetness. For CFD, these runs were similar (p < 0.05) to run number 2, besides 9 
equal to 8, as well as 10 and 11 equal to 3 and 7. For CSD, central points were 
significantly the same as runs number 1, 3, 7 and 8, differing from the other runs. 
In this study, the erythritol content presented the most significant impact 
on the sweetness of the samples. Probably, the strong sweetness perception of 
these samples may be attributed to the fact that the chewy candies containing the 
highest erythritol content were quite crystallized and dissolved rapidly in the mouth 
during consumption.  
Comparing the same run from each experimental design (Table 3), 
significant differences were found in runs number 1 and 5 with higher sweetness 
perception to CFD samples and also in runs 8 and 9 with more intense sweetness to 
CSD. Therefore, the sweetness intensity was affected differently by the type of açai 
used, depending on the trial. 
 
3.1.2. Cooling (Y2) 
For the cooling response of the CFD and CSD experimental designs, all 
parameters significantly influenced the cool sensation within the studied variable 
ranges at p < 0.05, except the quadratic term of maltitol syrup concentration, which 
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was added to the residues. The percentages of explained variance by the reduced 
models obtained from coded variables were 98.7 and 97.4% for CFD and CSD, 
respectively. The calculated regression F-values (109.59 for CFD; 55.26 for CSD) were 
highly significant (p < 0.0001, Ftab = 4.53). A good correlation was observed between 
the experimental data and what was predicted by the model associated with the 
cooling response. Therefore, the reduced models shown by Eq. (3) and (4) were 
suitable and practicable for evaluating the cooling effect of chewy candies regarding 
variations in the isomalt/erythritol ratio and maltitol syrup concentration. 
 
Y2 (CFD) = 3.4647 - 2.1417 x1 + 0.5735 x1
2 - 1.3321 x2 + 0.5500 x1 x2                       (3) 
 
Y2 (CSD) = 2.1706 - 1.7171 x1 + 0.8279 x1
2 - 0.7661 x2 + 0.7250 x1 x2                       (4) 
 
Linear terms presented negative effects on cooling, indicating that an 
increase in either the ISO/ERY ratio or MAS concentration resulted in a decrease in 
this response. The quadratic term of the ISO/ERY ratio and variables interaction 
presented a positive effect on the response. The slight difference among the cooling 
responses related to the central points of both experimental designs revealed great 
repeatability of the process. 
Contour plots of experimental values obtained for the cooling effect in açai 
chewy candies are shown in Fig. 1, indicating that a decrease in the ISO/ERY ratio 
promoted greater cooling perception, which means the higher the erythritol content, 
the more intense the perceived cooling is. This variable had a stronger impact on the 
response than MAS, which also resulted in elevated cooling by decreasing its 
concentration, despite having little or no influence on the response at an ISO/ERY 
ratio higher than 58/42 for CFD and CSD. Therefore, a lower concentration of non-
crystallizable solids (approx. 30–40% MAS) compared to the crystallizable ones 
(approx. 60–70% ISO plus ERY and considering higher erythritol content, 30/70–
40/60 ISO/ERY), results in a greater cooling sensation in the mouth. 
Crystalline erythritol presents a very intense cooling perception upon the 
dissolution of the crystals in the mouth due to its high negative heat of solution (-43 
cal/g). It exhibits the strongest and most noticeable cooling effect of all polyols. 
Isomalt has a heat of solution (-9.4 cal/g) comparable with that of sucrose (-4.3 
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cal/g), manifesting a weak cooling effect (De Cock 2012a; Sentko and Willibald-Ettle 
2012). Heat of solution values higher than -20 cal/g are reported to promote only a 
slight or not perceived at all cooling effect (De Cock 2012b). 
Samples containing the highest erythritol content in the formulation (42–
43%, db) from runs number 1 and 5 presented the strongest cool sensation, with 
7.8–7.9 and 5.8–6.8 cooling intensity for CFD and CSD, respectively. This 
characteristic may be not expected in açai chewy candies. An opposite behavior was 
observed for samples containing the lowest erythritol content (18–25%, db) from runs 
number 2, 4, 6 and 8, with a not perceived cooling (intensity of 1.3–2.8 for CFD and 
1.1–1.4 for CSD). Central points had intermediate results compared to the other runs 
(mean values of 3.2 for CFD and 2.2 for CSD), and the cooling was considered as very 
weak (17%) or imperceptible (83%) by the assessors. Therefore, the combination of 
the variables in all trials conditions, except those from runs number 1 and 5, reached 
the optimized cooling. However, the choice of the trial for the acceptance test took 
into account not only this response but also the sweetness. 
Comparing the same run from each experimental design for cooling 
response, it was noted that all CSD samples had significant statistical difference from 
CFD at p < 0.05, presenting lower cooling intensity, except for runs number 6 and 8, 
which showed no significant difference. The maltodextrin has a heat of solution of     
0 cal/g (Ison et al. 2008). Probably, this ingredient from the spray-dried açai powder 
present in 4.9% (w/w, db) in the CSD contributed to compensate the sensory cooling 
effect caused by the polyols, in particular erythritol, partially reducing this sensation in 
the mouth. 
In conclusion, the decrease of ISO/ERY ratio and MAS concentration 
variables presented a tendency to increase the sweetness and cooling, with 
ISO/ERY presenting a higher effect on the responses than MAS. The results 
suggested that the higher the ERY content in the chewy candies, the more 
pronounced the sweetness and the cooling effect were. The optimal formulation of 
chewy candy for both experimental designs was obtained when central point 
conditions were used (ISO/ERY of 50:50 and MAS of 40%, db). Therefore, the 
proportion of ISO/ERY/MAS of 30:30:40 (db) was chosen as a reference for the 
consumer acceptance study by presenting chewy candies with great sweetness 
intensity (5.8–6.4) without a burning sensation and very low cooling effect (2.1–3.3). 
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3.2. Consumers’ sensory evaluation and characterization of the chewy candies 
 
The central point formulations of the açai chewy candies of both 
experimental designs were used as a reference for the consumers‟ acceptance 
evaluation (120 subjects). Table 4 indicates the results of the sensory acceptance 
test and their frequencies of acceptance, indifference and rejection in relation to each 
attribute (color, aroma, flavor, texture, overall impression), the purchase intent and 
their frequency of positive, uncertain and negative purchase intent, in addition to  the 
results of the physicochemical characterization of the samples. 
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Table 4 Consumers‟ acceptability and purchase intent regarding açai chewy candies and 
their physicochemical characterization 
Acceptability*/ 
purchase intent*/ 
characterization* 
 Sample  
MSD  
CFD CSD  
COLOR  7.0 ± 1.4a 6.9 ± 1.4a  0.26 
Acceptance (%)  84.2 82.5  - 
Indifference (%)  9.2 10.8  - 
Rejection (%)  6.7 6.7  - 
AROMA  6.1 ± 1.2a 6.0 ± 1.3a  0.20 
Acceptance (%)  52.5 50.8  - 
Indifference (%)  46.7 45.8  - 
Rejection (%)  0.8 3.3  - 
FLAVOR  6.8 ± 1.5
a
 6.9 ± 1.4
a
  0.29 
Acceptance (%)  82.5 83.3  - 
Indifference (%)  7.5 10.0  - 
Rejection (%)  10.0 6.7  - 
TEXTURE  6.1 ± 1.8
b
 7.1 ± 1.5
a
  0.37 
Acceptance (%)  69.2 85.8  - 
Indifference (%)  5.8 5.8  - 
Rejection (%)  25.0 8.3  - 
OVERALL IMPRESSION  6.6 ± 1.3a 6.8 ± 1.2a  0.27 
Acceptance (%)  80.8 85.0  - 
Indifference (%)  12.5 10.0  - 
Rejection (%)  6.7 4.2  - 
PURCHASE INTENT  3.4 ± 1.0a 3.6 ± 0.9a  0.21 
Positive (%)  50.0 60.0  - 
Uncertain (%)  32.5 24.2  - 
Negative (%)  17.5 15.8  - 
Moisture content (g/100 g)  6.09 ± 0.13
a
 6.32 ± 0.08
a
  - 
Water activity  0.479 ± 0.004
a
 0.456 ± 0.006
b
  - 
Hardness (N)  89.26 ± 2.33
b
 164.43 ± 2.58
a
  - 
Fructose (g/100 g)  nd nd  - 
Glucose (g/100 g)  nd nd  - 
Calories (kcal/100 g)  186 192  - 
*Response values represent means ± standard deviations. Mean values followed by different letters in the same 
line are significantly different (p < 0.05) according to Tukey‟s test. 
Abbreviations: CFD, chewy candy containing freeze-dried açai; CSD, chewy candy containing spray-dried açai; 
MSD, Minimum significant difference (p < 0.05); nd, not detected. 
Notes: Acceptability: acceptance percentages include values from 9 (Like extremely) to 6 (Like slightly), 
indifference percentages include 5 (Neither like nor dislike), rejection percentages include values from 4 (Dislike 
slightly) to 1 (Dislike extremely). Purchase intent: positive percentages include 5 (Definitely would buy) and 4 
(Probably would buy), uncertain percentages include 3 (Maybe/maybe not buy), negative percentages include 2 
(Probably would not buy) and 1 (Definitely would not buy) 
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The acceptance test of the açai chewy candies (CFD and CSD) revealed that 
their color, aroma, flavor, and overall impression did not differ statistically (p < 0.05) 
(Table 4). The only attribute which differed significantly among samples was texture; 
however, the difference found in this attribute had no impact on the mean values 
obtained for purchase intent and overall liking of the samples. 
CSD was better accepted by consumers regarding texture, presenting 
85.8% of acceptance, and 46% of consumers indicated this attribute as one of the 
most preferred in the sample. CFD, on the other hand, had lower acceptance (69.2%) 
and higher rejection (25%) percentages, besides 50% of consumers citing texture as 
the characteristic they most disliked in CFD. Despite the fact that CSD has shown 
higher hardness (164.43 N) through the instrumental analysis (force to compress) in 
comparison with CFD (89.26 N), CSD was preferred by consumers. Even though 
harder at first chew, CSD became softer with mastication in progress due to its 
crystallized texture, which provided a “cutting” feature to the product. 
For color, a great frequency of acceptance (82.5–84.2%) was found in the 
samples, probably because of the natural appeal toward the absence of artificial 
color. Consumers cited that color was one of the attributes they most liked in the 
samples (30% CFD and 13% CSD). Concerning the aroma, a substantial percentage of 
indifference (45.8–46.7%) was noticed for the samples probably because of about 
30-38% of consumers mentioned aroma intensity was weak in the samples.  
The flavor of açai was one of the attributes which consumers cited they 
liked most in the CFD (51%) and CSD (49%), meaning that, the incorporation of açai 
powders in the cooling step resulted in good preservation of their flavor compounds. 
On the other hand, consumers suggested that the flavor of açai could be more 
intense in the samples (32% CSD and 28% CFD). Despite this consideration, the 
samples presented great frequency of flavor acceptance (82.5–83.3%). Most 
consumers considered the sweetness of the samples as ideal or pleasant, whereas 
10% (CFD) and 4% (CSD) of consumers considered it excessive, attributing this 
feature as the one they most disliked in the samples. 
In general, the mean acceptance values for all the evaluated attributes of 
the samples were allocated in the liking category (6–9), specifically between the 
answers „Like slightly‟ (6) and „Like moderately‟ (7), presenting acceptability scores 
varying from 6.0 to 7.1 (Table 4). According to the criterion established by Muñoz et 
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al. (1992), who consider an acceptability score of 6.0 in a 9-point hedonic scale as 
the commercial or quality limit, the evaluated samples may be considered acceptable 
and with a good perspective of commercial inclusion in the market. Silva et al. 
(2016a) studied a sugar-containing açai chewy candy with the same ratio of non-
crystallizable (glucose syrup) and crystallizable (sucrose) solids (40:60, w/w, db) as 
the samples in this study and they found an acceptability of 7.56 for color, 7.00 for 
flavor, 7.82 for texture, and 7.38 for overall impression. 
Although CFD and CSD have shown no significant differences (p < 0.05) 
among them concerning the purchase intent, CSD exhibited higher positive purchase 
intent (60%) compared to CFD (50%). These samples had purchase intent means 
(3.4–3.6, Table 4) similar to the value found by Silva et al. (2016a) (3.54) for a sugar-
containing açai chewy candy. 
Monosaccharides (glucose and fructose) were not detected in the chewy 
candies, which means their concentrations were lower than the method detection 
limit (0.2 g/100 g), allowing their consumption by diabetics and the use of the “sugar-
free” labelling claim in the commercial product. In the European Union, sugar-free 
claims may be appropriately used in products containing less than 0.5 g of sugars 
(mono- and disaccharides) per 100 g or 100 mL, whereas in the United States, it is 
considered less than 0.5 g of sugars per reference amount and per labelled serving 
(Kearsley and Deis 2012). In Brazil, the use of sugar-free claim in chewy candies is 
allowed when a serving size of 20 g contains no more than 0.5 g of sugars (Brasil 
2012; Brasil 2003). Furthermore, when comparing the calories of açai chewy candies 
in the sugar-free (Table 4) and sugar-containing versions (considering the same 
formulation with the replacement of polyols by sucrose and glucose syrup), calorie 
reductions of about 52% were achieved, showing the products presented in this 
study are good alternatives to consumers who look for calorie savings. This was 
possible mainly due to sucrose partial replacement by the non-caloric erythritol bulk 
sweetener. 
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4. Conclusions 
 
This study showed the influence of the polyols concentration on the 
sensory quality of sugar-free açai chewy candies, specifically the sweetness and 
cooling effect, as well as the influence of the use of açai pulps on consumers‟ overall 
acceptability of chewy candies. At the optimal condition (proportion of isomalt, 
erythritol and maltitol syrup equivalent to 30:30:40, w/w/w, db), the chewy candies 
presented proper sweetness, without a burning sensation in the throat, and very low 
cooling effect. Stronger sweetness and cooling perceptions were found in samples 
with the lowest isomalt/erythritol ratios and maltitol syrup concentrations within the 
studied ranges of each variable, suggesting greater influence of erythritol content in 
increasing these responses. Based on the consumers‟ perception of confections 
quality, the addition of the processed açai pulps, either freeze-dried or spray-dried, in 
the chewy candies resulted in great sensory acceptance regarding color, flavor, 
texture and overall impression, except for the texture of the chewy candy containing 
freeze-dried açai. For the aroma attribute, consumers reported a weak intensity in the 
samples. Most chewy candies containing spray-dried açai presented lower cooling 
effect than those containing freeze-dried açai, whereas the sweetness intensity was 
affected differently by the type of açai depending on the concentration of the polyols. 
The chewy candies formulated with polyols and açai presented advantages of not 
containing high-potency sweetener neither added sugar, besides being free from 
artificial additives and having fewer calories than sugared chewy candies. The 
presence of fruit and the indulgent appeal of these products enhance their chances 
of being successfully integrated into the consumer market. 
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A matriz dietética composta por 56,0% de polióis (sólidos cristalizáveis), 
37,4% de xarope de maltitol (sólidos não cristalizáveis), 6,0% de gordura vegetal e 
0,6% de emulsificante (lecitina de soja), em base seca, foi utilizada como um sistema 
modelo na produção de balas mastigáveis diet com o objetivo de investigar a 
influência de diferentes polióis na textura e atividade de água do produto, utilizando 
como ferramenta estatística o delineamento experimental de mistura. Os polióis 
cristalizáveis testados foram maltitol em pó, isomalte, xilitol e eritritol, presentes na 
formulação individualmente ou em combinação com outro poliol numa razão de 1:1. 
A proporção de sólidos não cristalizáveis e cristalizáveis nas balas foi fixada em 
40:60 (bs). As amostras dos 10 ensaios experimentais apresentaram atividade de 
água entre 0,33 e 0,53, sendo os valores próximos aos indicados para a categoria 
de balas mastigáveis (entre 0,45 e 0,60), enquanto que a dureza (instrumental) 
variou amplamente de muito macia (0,18–0,77 N), macia (4,08–25,43 N), dura 
(56,39 N) até muito dura (171,09 N). Foi possível obter um modelo preditivo de 
regressão somente para a atividade de água (R2 = 84,5%, p < 0.05). A bala 
mastigável contendo uma combinação de isomalte e eritritol para compor os sólidos 
cristalizáveis da formulação foi a que apresentou melhor desempenho quanto à 
textura e estabilidade do formato (ausência de deformação após sua formatação). 
Além disso, estes polióis são menos higroscópicos do que o xilitol e o maltitol, 
sendo, portanto, escolhidos para a continuidade do estudo com a incorporação de 
açaí. Os demais ensaios, apesar de terem apresentado características aceitáveis 
quanto à atividade de água e/ou textura dentro das faixas e condições de processo 
testadas, foram rejeitados por motivos variados: maltitol em pó (elevada 
adesividade), isomalte (elevada dureza), xilitol (elevada adesividade e perda do 
formato), eritritol (massa muito cristalizada, descaracterizada), maltitol e isomalte 
(elevada dureza), maltitol e xilitol (elevada adesividade e perda do formato), maltitol 
e eritritol (leve perda do formato), isomalte e xilitol (elevada adesividade e perda do 
formato), xilitol e eritritol (elevada adesividade e perda do formato). O xilitol e o 
eritritol mostraram uma tendência em aumentar os valores de atividade de água com 
o aumento da sua concentração no produto, a qual pode ser atribuída a fatores 
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como elevada higroscopicidade (xilitol) ou capacidade de cristalização e 
consequente diluição da fase contínua (eritritol). 
A partir da definição do sistema modelo descrito acima, foi feita a 
incorporação de açaí em pó obtido por spray dryer, a qual possibilitou a eliminação 
de gordura vegetal da composição das balas e conferiu cor e sabor às mesmas. A 
formulação utilizada continha 40% de sólidos não cristalizáveis (xarope de maltitol), 
60% de sólidos cristalizáveis (numa proporção de 1:1 entre isomalte e eritritol) e 5% 
de sólidos de açaí, em base seca. As balas foram elaboradas com e sem adição de 
sacarose e submetidas a um teste de aceitação por consumidores a fim de avaliar 
se haviam diferenças significativas entre os atributos sensoriais (cor, sabor, textura e 
impressão global) das amostras. De forma geral, ambas as amostras foram muito 
bem avaliadas. As balas diferiram somente em relação ao sabor, sendo aquela 
elaborada com substitutos de açúcar (isomalte, eritritol e xarope de maltitol) a melhor 
avaliada em relação à versão tradicional contendo sacarose e xarope de glicose. Em 
relação à intenção de compra, novamente a bala na versão diet se destacou em 
relação à versão tradicional. 
Na etapa seguinte do estudo, três diferentes tipos de polpas de açaí 
foram incorporados nas balas: congelada, desidratada por spray dryer e liofilizada, 
sendo as quantidades fixadas em 5% de sólidos de açaí (bs), calculadas sobre a 
massa da bala após o seu cozimento. Os teores de polióis utilizados para a 
produção das balas foram aqueles descritos anteriormente. Essas balas 
apresentaram o diferencial de serem adicionadas de cristais de semeadura após o 
seu cozimento, também chamados de iniciadores ou gérmens de cristalização 
(isomalte com granulometria de 90 µm), visando conferir estabilidade às balas 
quanto a estruturação e prevenção de deformação, assim como reduzir a 
adesividade das mesmas. Quando esses cristais são adicionados num sistema 
supersaturado, há interferência no processo de cristalização durante o estiramento, 
acelerando a transição de fase, com formação de cristais dispersos na matriz. Os 
efeitos das condições de processamento e armazenamento dessas balas sobre as 
propriedades físico-químicas e a retenção de compostos antioxidantes foram 
investigados. Todas as polpas de açaí testadas (congelada, desidratada e liofilizada) 
apresentaram desempenho satisfatório quando incorporadas nas balas mastigáveis 
quanto às propriedades físico-químicas, retenção dos compostos fenólicos e 
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antocianinas totais e atividade antioxidante. Destacou-se a bala contendo açaí 
liofilizado devido à maior recuperação dos compostos bioativos imediatamente após 
a sua produção (~154% do teor inicial de compostos fenólicos totais e ~78% do teor 
inicial de antocianinas totais), enquanto que a bala contendo a polpa congelada de 
açaí apresentou o menor desempenho (~107% do teor inicial de compostos 
fenólicos totais e ~49% do teor inicial de antocianinas totais) devido ao efeito 
negativo do tempo prolongado de cozimento da bala a alta temperatura na 
estabilidade das antocianinas. Em relação ao armazenamento, as balas 
apresentaram redução nos teores desses compostos, porém, as retenções 
encontradas foram consideradas satisfatórias (72–78% e 84–99% dos teores de 
compostos fenólicos e antocianinas totais encontrados no tempo zero). A 
capacidade antioxidante das balas permaneceu estável após o armazenamento, 
sendo que os valores obtidos através do método de DPPH• para todas as amostras 
e de ORAC para a bala contendo açaí desidratado por spray dryer revelaram um 
aumento significativo (p < 0,05). A adição de açaí (desidratado por spray dryer e 
liofilizado) na etapa de resfriamento (ou temperagem) foi melhor para a preservação 
das antocianinas comparada à sua adição na etapa de cozimento (no caso da polpa 
congelada). E ainda, as antocianinas demonstraram maior susceptibilidade à 
degradação na etapa de produção das balas mastigáveis do que durante o 
armazenamento por um período de 6 meses a 25 ºC e 60% UR. Em relação às 
propriedades físico-químicas, todas as balas apresentaram valores de atividade de 
água adequados para a categoria (0,47–0,51) e textura firme (dureza intermediária, 
90,50–130,39 N), sendo que esses valores aumentaram após 6 meses de 
armazenamento. A bala de açaí contendo a polpa liofilizada foi a mais macia em 
relação às demais, provavelmente devido ao conteúdo lipídico da polpa utilizada ser 
superior ao teor das demais polpas. Os parâmetros de cor (L*, a*, b*, C* e h) não 
apresentaram diferença significativa após o armazenamento, indicando sua boa 
estabilidade quanto à coloração. Os resultados do estudo mostraram que tanto a 
polpa congelada de açaí quanto os pós desidratados (por spray-drying e liofilização) 
puderam ser expostos a alta temperatura (80–132 ºC, por até 27 min) durante sua 
aplicação. Portanto, a utilização do açaí em confeitos mostrou-se promissora como 
ingrediente capaz de conferir cor e de reter compostos bioativos em níveis 
consideráveis, além de apresentar capacidade antioxidante. 
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A partir da formulação padrão com proporção de sólidos não cristalizáveis 
e cristalizáveis de 40:60 (bs), e considerando a utilização do xarope de maltitol como 
agente anticristalizante, representando os sólidos não cristalizáveis, e o isomalte 
juntamente com o eritritol (proporção de 1:1), representando os sólidos não 
cristalizáveis, estudou-se o efeito da variação na concentração destes polióis sobre 
os atributos sensoriais considerados de grande importância para a aceitação das 
balas de açaí (com polpas desidratadas por spray dryer e liofilizada), tais como: 
dureza, adesividade, doçura e refrescância, assim como sobre a atividade de água. 
Para isso, utilizou-se o delineamento composto central rotacional, sendo que as 
concentrações dos polióis nas balas variaram de 30:70 a 70:30 quanto a razão entre 
o isomalte e o eritritol, e de 30 a 50% (bs) quanto a concentração de xarope de 
maltitol. O eritritol foi o ingrediente que contribuiu significativamente para o aumento 
da doçura, refrescância e atividade de água, e para a diminuição da adesividade e 
dureza, além de inibir a deformação (perda de formato) das amostras. O isomalte 
mostrou um comportamento oposto ao do eritritol. O xarope de maltitol não afetou 
estatisticamente a dureza das amostras, porém mostrou uma tendência a aumentar 
a adesividade, a diminuir a doçura e a refrescância, assim como auxiliar a redução 
da atividade de água das amostras, uma vez que inibe a cristalização e mantém os 
sólidos solúveis dispersos na fase líquida da bala (dependendo da razão entre 
isomalte/eritritol). Equações matemáticas preditivas foram desenvolvidas para todas 
as respostas (dureza sensorial e instrumental, adesividade, atividade de água, 
doçura e refrescância) (R2 = 85–99%, p < 0,05). Houve uma boa correlação entre as 
respostas de dureza instrumental e sensorial para as balas de açaí contendo polpa 
desidrata por spray dryer e a liofilizada (R2 = 78–90%, p < 0,05). Em relação à 
aceitação pelos consumidores, o único atributo sensorial que apresentou diferença 
significativa entre as amostras foi a textura, sendo a bala com açaí desidratado por 
spray dryer a que apresentou melhor aceitação. 
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O açaí mostrou ser um ingrediente promissor para aplicação industrial em 
alimentos submetidos a altas temperaturas, conferindo boa estabilidade da cor e 
retenção considerável de compostos fenólicos e antocianinas totais, além de conferir 
capacidade antioxidante. As balas adicionadas de açaí apresentam grande 
possibilidade de inclusão no mercado devido à sua aceitação sensorial pelos 
consumidores e por se enquadrarem nas tendências mundiais de consumo de 
produtos que trazem benefícios à saúde. Além de possibilitar a eliminação de 
corante e aromatizante da composição das balas mastigáveis, o açaí também 
permitiu a eliminação da gordura vegetal, normalmente utilizada em formulações 
convencionais, sem afetar a textura. A substituição dos açúcares da formulação 
pelos polióis isomalte, eritritol e xarope de maltitol resultou em balas com redução 
calórica e com diferentes características sensoriais de doçura, refrescância, dureza e 
adesividade conforme a composição e a interação entre os polióis. Para a produção 
das balas mastigáveis isentas de açúcares e com adição de açaí, não há 
necessidade de investimentos ou mudanças na rotina de fabricação, sendo que o 
único limitante é a necessidade de se ter uma linha exclusiva para produtos isentos 
de açúcares. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sugestões para Trabalhos Futuros   149 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SUGESTÕES PARA TRABALHOS FUTUROS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sugestões para Trabalhos Futuros   150 
 
 
SUGESTÕES PARA TRABALHOS FUTUROS 
 
 Quantificar a porcentagem de cristais presentes nas balas mastigáveis 
compostas por diferentes teores de polióis cristalizáveis (isomalte e eritritol), 
identificar qual poliol predomina na forma cristalina e estudar mais detalhadamente a 
relação entre a cristalização da matriz e a textura do produto; 
 Estudar as isotermas de sorção de umidade para melhor entendimento 
do comportamento das balas mastigáveis frente a diferentes condições de UR ou 
atividade de água. Prever as condições que resultariam em mela, perda de 
estruturação (deformação), aumento na adesividade, entre outros fatores de perda 
de qualidade; 
 Analisar a oxidação das balas mastigáveis de açaí visando avaliar o 
impacto da gordura naturalmente presente na fruta e o surgimento de sabor de 
ranço no produto final com o tempo de armazenamento; 
 Detectar e quantificar os compostos aromáticos (voláteis) principais do 
açaí e das balas de açaí; 
 Identificar e quantificar os compostos bioativos (polifenóis e 
antocianinas) presentes nas polpas de açaí e nas balas mastigáveis. 
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